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Preface 


Dear Readers, 


Whether traffic lights, navigation devices in cars, par- 
ents‘ smartphones, tablets at the child-care centre or 
PCs in the classroom - children today grow up ina 


world that is significantly shaped by digital technolo- 
gy and is developing rapidly. Girls and boys want to explore and help shape it and 
have many questions: How does a robot work? What happens when | switch on the 
computer? And where do all the pictures and information come from? 

The “Haus der kleinen Forscher” Foundation has been successfully develop- 
ing and evaluating concepts and materials in the STEM field for exploration- and 
inquiry-based learning in early childhood education for many years. In 2018, the 
Foundation completed its groundwork in the areas of S-T-E-M with a volume on 
early computer science education, thereby laying the basis for its work on the top- 
ic of Computer Science. | am pleased that this English translation will allow us to 
provide our international readership with a slightly updated version of the volume. 

By establishing the subject-specific basis for early computer science educa- 
tion, we have ventured into new territory, since there are still hardly any research 
approaches or educational concepts on this topic in the German-speaking world. 
At the same time, the importance of computer science and the competencies as- 
sociated with it is steadily growing — something that became even clearer in the 
Coronavirus pandemic. 

As far as children are concerned, the prevailing urge is a fascination with the 
world around them: they want to try things out, explore, participate and find out 
how things work and how they are interconnected. In doing so, they approach 
computers and other devices no differently than they do other intriguing things. 
How does all this information get into a little mobile phone? Why is my computer 
so fast? How do the traffic lights know when to indicate that cars or pedestrians 
are to stop or move? 

Our task as an early education initiative is to enable educators to search for 
answers with the children. 

For this reason, the “Haus der kleinen Forscher” Foundation focuses on the 
technological perspective of digital aspects in its educational offerings. There 
are now well-developed professional development concepts, educational mate- 
rials and online offerings available for early childhood educators, primary school 
teachers and children that enable them to discover computer science - with and 
without computers. 
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The aim is not to increase the use of digital media but to understand the under- 
lying concepts. Children can learn about algorithmic thinking in informatics sys- 
tems hands on, thereby laying an important basis for reflective and competent use 
of these systems. 

Pioneering work has been done in the field of early computer science ed- 
ucation — | would like to express my sincere thanks to the authors of this vol- 
ume for their great support and guidance in this exciting terrain. A responsible, 
open-minded and creative approach to computer science is important for our chil- 
dren and for the society of tomorrow. 

I strongly believe that this volume and our educational offerings are able to 
contribute to ensuring that early computer science education is no longer unchart- 
ed territory in educational institutions throughout Germany, but a valuable part of 
good and successful early STEM Education for Sustainable Development. 


Michael Fritz 
Chairperson of the Executive Board of the “Haus der kleinen Forscher” Foundation 
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Ilan Chabay 


The first stanza of Bob Dylan’s 1964 song ends with 


“And you better start swimmin’ 
Or you'll sink like a stone 


For the times they are a-changin 


It has always been true that the times are changing, but what we humans face now 
are changes that challenge us in new and profound ways - ways for which many 
previously successful systems and approaches are no longer adequate. Thus, we 
need to continually find and learn new ways to swim in the fast-moving, turbulent 
stream we all inhabit on our shared planet Earth. 

Finding and following culturally and contextually adaptive pathways to sus- 
tainable futures, including addressing climate change, is indeed a profound chal- 
lenge. Successfully confronting a challenge of this magnitude and scope (e.g., 
as aspired to in the United Nations Sustainable Development Goals for 2030) re- 
quires not only that we use the best science and technology available. We must 
also learn to engage meaningfully in the collective decisions and actions to avoid, 
mitigate, or adapt to changing conditions in ways that are attuned to our diverse 
cultures and contexts. 

Computer science and technology have already helped us immensely to un- 
derstand the changes occurring on Earth with its limited resources and to slow- 
ly recognise the urgent need to change unsustainable patterns in society. At the 
same time, digital systems, vast data bases, and applications of rapidly increas- 
ing computational power (e.g., cell phones, navigation systems, and computers) 
have become nearly ubiquitous in society. But we have not yet equipped most 
young people in our societies to understand computer science and technologies, 
to use them most effectively for their purposes, and to play a role in the design of 
such systems and decisions whether to develop and deploy them or not. Nor have 
we made use of the powerful intellectual building blocks at the core of computer 
science to improve thinking strategies and skills that can be applied effectively 
not only in STEM (science, technology, engineering, and math) but in many as- 
pects of our lives. 
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Why not? To incorporate computer science in STEM learning, we must overcome 
the widespread perception that computer science is a narrow domain of special- 
isation for “nerds” and “geeks” - neither relevant nor accessible to most adults 
and especially not to young children. This obstacle exists despite the nearly ubiq- 
uitous use, even by young children, of digital devices and computation in our daily 
lives. More to counter this point is in the work described in this volume of the 
“Haus der kleinen Forscher” Foundation, showing that young children are able to 
learn from aspects of computer science in developmentally appropriate ways. The 
misperception and failure to introduce the ideas and experiences is an obstacle to 
anyone, but it more frequently adversely affects girls and underserved and mar- 
ginalized populations. 

On the other hand, why introduce this domain of learning? Is it essential that 
these obstacles be overcome? What drives the “Haus der kleinen Forscher” Foun- 
dation and others to make the considerable effort to research the field and devel- 
op strategies and materials to introduce computer science to STEM learning for 
young children in and out of school? 

There are several answers to these questions. At a meta level, offering devel- 
opmentally appropriate experiences with computer science and digital systems 
engages children’s curiosity and rewards it with positive, playful experiences. 
Such experiences and explorations build confidence and desire for learning about 
processes and content that affects the children’s lives now and will do so in new 
ways in their future. This may form a strong platform not only for understanding 
and using digital media, devices, and computational power, but the interest and 
confidence to develop more fully their capacity to design and shape that future for 
their benefit and that of their society. 

Learning with and about computer science and its manifestations from an ear- 
ly age through curiosity and play provides an excellent natural entrée to acquiring 
thinking skills of great value in every area of STEM (and indeed in all aspects of 
life!). The point is not only to learn about specific systems, processes, or devices, 
but to develop powerful learning strategies in an increasingly sophisticated way 
in order to approach new and more complex problems. This process can be started 
very simply by setting an objective and learning to dismantle the task into man- 
ageable steps leading to the objective. How do we get the penguin in the corner 
square on the grid to the delicious dinner in the centre and not bump into the seal 
or ice block on the way? We can try sequences of directional steps to reach the ob- 
jective. This and other exercises can be done with an electronic robot, with paper 
and pencil on a grid, or children moving on a grid taped to the floor. 

Even more complicated systems can be playfully explored in an elementary 
school classroom. For example, build a working model of the internet - no com- 
puter or electronic devices needed. Messages, each one sentence long, are writ- 
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ten on strips of paper. Then the messages are cut up into information packets that 
are sent across the room to their chosen destination. The packets travel by courier 
(children) from one way-station (where a child acts as router) to another to the 
final reception station where the packets are reassembled into a semblance of 
the original messages. The fun lies in the activity that engages the children (and 
teachers) in the formation of a model system with children as routers and carri- 
ers, designing and executing stepwise iterative instructions for the carriers of the 
packets of information, and laughing at and eventually troubleshooting the inevi- 
tably garbled messages that appear when the packets of pieces are reassembled 
into messages. This activity, which | designed for the US National Engineering 
Week in 2001 for the National Academy of Engineering and later used in elementa- 
ry classrooms, is illustrative of the point made in this volume (p. 171): 


“[B]asic principles of communication on the Internet should be 
explored ‘unplugged’ using simple playful means, since a basic 
understanding of how the Internet works is an important part of 
computer science education. Suitable examples include role-plays 
on sending mail via routers,...”. 


These examples are very simple, but even so, they illustrate a fundamental facet of 
human thinking and learning, namely the use of models. Models may be tacit and 
procedural, as in learning from experience where to place your hands to catch the 
ball, or they may be highly complex computational models of natural or socio-eco- 
logical systems that inform our understanding of our challenges of achieving more 
sustainable futures. It is important to recognise that models are an essential part 
of how all humans process sensory data that we constantly receive. We need to 
make sense of inputs to make decisions in different situations that could be con- 
sequential - a glimpse of the on-coming truck as one start to cross the street - or 
on complex systems like the weather office estimating the likelihood of a flash 
flood occurring in a particular area. The critical issue is that our brains have a 
working memory bank that is unable to retain and process more than a few var- 
iables at any one time. Complex systems may have scores or even thousands of 
interacting components and variables in play. To begin to unpack and examine the 
options and consequences of potential decisions, models are essential tools. It is 
through decades of work by many scientists around the world using increasingly 
powerful computer models that we are making progress in many fields of science, 
as well as opening up new directions in music, visual arts, improved accessibility 
for the visual or auditorily impaired, and enriching or verifying historical records. 
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There are many types of analytical and computational models in use, but in most 
education settings from the primary through tertiary level, students are shown 
only the results of models rather than explicitly discussing the models that lead to 
the results. Learning computer science in early education, including the explicit 
processes of making and using different kinds of models, will help students devel- 
op and use models in their studies and better understand the influence of models 
in their livelihoods and private lives as citizens. Understanding the role of mod- 
els and their value figures prominently not only in STEM but also for interpreting 
complex evidence needed for informed deliberation for decision-making on policy 
and practice in society. Learning the processes and content of computer science 
opens students to a wider range of possible livelihood choices as they develop. 
It also increases their understanding of the roles and impact that digital systems 
have in daily life. 

Models are also the engines of the games that many children play on phones, 
tablets, and computers. As such, the games can be an appealing avenue into 
aspects of computer science. In a constructivist approach, children’s interest in 
games provides a stimulus for deconstructing the operations and user interface 
of a game and then modifying the game or creating one’s own game. The simple 
set of sequential instructions for moving a penguin around a space can become 
the starting point for a very elementary, “unplugged” game played on a physical 
two-dimensional grid, with one person “programming” the penguin’s moves in 
coordinated time steps after the opponent decides where to place the hungry seal 
in order to try to intercept the penguin. That physical version can be developed 
into more complex and dynamic forms and be coded into a simple app as the stu- 
dents become more adept. This algorithmic process is at the core of animations 
and programming that students will encounter. 

Depending on each child’s interest and level, more sophisticated games with 
immersive environments, complicated logical branching structures, narrative 
flow, and tailored user interfaces become accessible for analysing, modifying, 
and emulating. If the basis for awareness of the computer modeling and process- 
es operating beneath the surface of the game is introduced in early learning, elec- 
tronic games become more valuable as environments for learning and creativity. 
As the children develop as learners, the activities can become more sophisticated 
and the connections to algorithms, coding, apps, models and games further de- 
veloped. 

The authors of the first expert report of this volume comment on the concern 
that media and games often are decoupled from learning by stating: 
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“In our opinion, a special role of schools and possibly also child- 
care centres, could be to promote and point out further possibilities 
and types of interaction in addition to the predominant consump- 
tion activities. In addition, interactions could not only be experi- 
enced in isolation and individually, they could be experienced by 
parents and children together, so that the experiences can be ver- 
balised and processed, as well as reflected on and classified in an 
age-appropriate way” (Bergner et al., p. 128). 


The point made in the above quote about the experience as a group activity sug- 
gests circling back to emphasise the earlier concern about resistance or obstacles 
to introducing computer science in early learning venues. Engaging in designing 
or playing games that explicitly build on computer science processes are activi- 
ties that in many cases can be done as group collaborations rather than only as 
individual efforts. This may help students, teachers, and parents see learning 
computer science less stereotypically as an asocial, strange, alienating activity 
and more as a Socially connected one. Motivating collaborative learning opportu- 
nities in computer science can be done with many interesting project challenges 
at developmentally appropriate levels for young children. Developing the skills 
and pleasure for collaborative work from an early age, whether through computer 
science or other learning activities, is tremendously important. It is indispensable 
for finding interdisciplinary solutions for the many complex challenges we face. 

In addition to finding time in the elementary classroom schedule and re-as- 
signing priorities to include computer science, teachers who are adept and com- 
fortable with the elementary content and processes of computer science are ob- 
viously needed. But a classroom with adequate materials and support is also a 
learning space for teachers willing to be co-learners with their students and col- 
leagues. A wider introduction of computer science in early learning will require 
pre-service and in-service education of teachers and expert mentoring, but it will 
also be augmented by classroom experience. As parents and teachers, many of us 
have already learned from children who have already so rapidly acquired digital 
skills. 

As stated on page 75 of this volume, “they should not only learn to deal spe- 
cifically with a digital artefact, but also to confidently master general and trans- 
ferable strategies for exploring an unknown system, while also thinking about its 
possibilities, limits and effects”. It is not only a matter of understanding and thus 
being able to make better use of these artefacts and devices as children develop, 
but of becoming adept and comfortable in using what is learned in one domain 
and applying or adapting it to a problem in another domain. 
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Gaining domain knowledge and skills, as well as confidence in one’s capacities 
learned in early childhood experience with computer science in STEM has great 
value beyond STEM. The same knowledge and sense of confidence is essential for 
making informed normative choices of safe and ethical use of technology but also 
for health and behavioural choices, which children will face even before becoming 
adults. 

The thoughtful and evidence-based approach to computer science learning 
in STEM education of young children that is presented in this volume may have 
long term positive effects on the development of those children throughout their 
lives. One particular hope it raises for me is that the thinking skills, reliance on 
evidence-informed decision-making, and sense of personal agency with computer 
science and digital systems will provide a bulwark against the grip of baseless 
conspiracy theories and misinformation that threatens our societies. 

The ninth volume in the series from the “Haus der kleinen Forscher” Founda- 
tion lays out a thorough and important examination of the rationale, educational 
framework, and materials for introducing computer science into the learning ex- 
periences of young children from pre-school through elementary school age. The 
needs of teachers of young children in and outside of school are addressed, as are 
the reasons that it remains difficult to engage some children, parents, and teach- 
ers in supporting the expanded offerings. The volume is not only a rich source of 
information and ideas for implementing computer science learning in STEM. It is 
also an inspiring call to action for parents and teachers alike to support the leap 
toward a future that helps all people to swim well in the turbulent stream that is 
our rapidly changing social-ecological system on Earth. 


Prof. Dr Ilan Chabay 
Research Institute for Sustainability Helmholtz Centre Potsdam 
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Introduction 


1 Overview of the “Haus der kleinen Forscher” 
Foundation 


Since 2006, the non-profit “Haus der kleinen Forscher” (Little Scientists’ House) 
Foundation has been committed to improving education for children between the 
ages of three and ten in the domains of science, technology, engineering/comput- 
er science, and mathematics (STEM). Together with its local network partners, the 
Foundation offers a continuing professional development programme throughout 
Germany that supports early childhood educators and primary school teachers 
in nurturing children’s spirit of discovery and in facilitating their exploration and 
inquiry activities in a qualified way. The education initiative thus makes an im- 
portant contribution to improving educational opportunities, fostering the next 
generation of professionals in the STEM fields, and professionalising pedagogical 
staff. 

The educational initiative thus makes an important contribution in the follow- 
ing areas: 


qualification of early childhood educators 
quality development of institutions 


development ofthe children’s personalities, abilities and interests 


promotion ofthe next generation of professionals in STEM educational fields 


The main activities ofthe Foundation are: 


m establishment and expansion of sustainable local networks with the partic- 
ipation of local stakeholders as well as counselling and support of the now 
more than 200 network partners, 


© training multipliers (local trainers) who provide ongoing guidance for local 
early childhood educators, teachers and leaders, 


m development and provision of professional development concepts and mate- 
rials for early childhood educators, teachers and leaders, 


m supporting the quality development of educational institutions based on 
“Haus der kleinen Forscher” certification, as well as 


Em the evaluation and scientific monitoring of the Foundation’s activities. 
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Qualification initiative for educators 


The “Haus der kleinen Forscher” Foundation is Germany’s largest early childhood 
education initiative in the domains of science, technology, engineering/computer 
science, and mathematics. It supports child-care centres, after-school care cen- 
tres and primary schools in setting mathematical, computer science, scientific 
and/or technical priorities and establishing education for sustainable develop- 
ment (ESD), as well as creating a conducive development and learning environ- 
ment for children. The Foundation’s educational approach builds on the chil- 
dren’s resources and emphasises joint exploration and inquiry in dialogue-based 
exchange (Stiftung Haus der kleinen Forscher, 2019a). Through its activities, the 
Foundation also promotes the implementation of the existing educational and 
framework curricula of the respective federal states in the areas of science, tech- 
nology, engineering/computer science, mathematics and supports the anchoring 
of ESD in the educational areas. 

The Foundation’s content-related offers include professional development for 
early childhood educators, teachers and leaders, as well as educational materials, 
an annual activity day and suggestions for cooperation: 


m Educational materials: For practical implementation in educational institu- 
tions, the Foundation provides printed and online materials (available at: 
haus-der-kleinen-forscher.de) free of charge in its professional development 
courses, e.g., topic brochures, exploration and inquiry cards, didactic mate- 
rials and film examples. 


m Website: The website haus-der-kleinen-forscher.de provides information 
for all interested parties about the educational initiative: including the ed- 
ucational programme, contact with local training providers, inquiry ideas for 
children, scientific studies, brochures and picture cards for exploration and 
inquiry. 


m Campus: On the online learning platform campus.haus-der-kleinen-forscher. 
de, early childhood educators, teachers and leaders can take part in open or 
moderated online courses and on-site training, or exchange ideas with each 
other in various forums. All of the Foundation’s online services are available 
free of charge 


m Blog: The “Haus der kleinen Forscher” blog (blog.haus-der-kleinen-forscher. 
de) offers a forum for dialogue on good early STEM education for sustainable 
development. Here, the Foundation presents itself as a player in the nation- 
al and international world of education and foundations while at the same 
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time providing a detailed look behind the scenes of the “Haus der kleinen 
Forscher”. 


m Social media channels: On Facebook, Twitter, Instagram and YouTube, the 
Foundation shows what good early STEM education can look like: @kleineFor- 
scher (on Instagram at kleine_Forscher). Here, current reports and studies are 
shared, videos of ideas and activities for exploration and inquiry are shown 
and information about the Foundation’s latest educational offers is provided. 


t]»]oje]® 


m “Forscht mit!” magazine: Every quarter, early childhood educators, teachers 
and leaders receive practical tips on exploration and inquiry at their insti- 
tution, information on the Foundation’s work and best practice reports from 
other institutions and networks. 


m “Tag der kleinen Forscher” (Little Scientists’ Day): On this interactive day, 
children all over Germany can explore current topics of inquiry. For this pur- 
pose, the Foundation provides educational institutions with material and 
calls on supporters from politics, business, science and society to join in. 


m Suggestions for cooperation: Interested parents, sponsors and other educa- 
tional partners support joint exploration and inquiry at the institutions. 


= Certification: Committed institutions are certified as “Haus der kleinen For- 
scher” based on defined assessment criteria. All institutions that apply re- 
ceive detailed feedback with suggestions for further developing joint explora- 
tion and inquiry with children. 


m Website for children: At meine-forscherwelt.de, children of primary school 
age can access an interactive inquiry garden that encourages them to embark 
on independent journeys of discovery. Tips are available for educators on how 
to support learning. 


m Service portal integration: At integration.haus-der-kleinen-forscher.de, early 
childhood educators, teachers and leaders receive support in the integration 
of refugee children at child-care centres, after-school care centres and prima- 
ry schools through a variety of materials, practical ideas and a stimulating 
exchange of experiences. 
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Germany-wide networking 


As a Germany-wide educational initiative, the “Haus der kleinen Forscher” thrives 
on the commitment of a wide range of local stakeholders - the local networks 
that act as permanent partners and training providers in the regions. There are 
currently 196 network partners, including municipalities and child-care sponsors, 
trade associations, science centres, museums, companies, foundations, associ- 
ations etc. Since 2011, the initiative’s professional development programme has 
also been open to after-school care and all-day primary schools. 

Approximately 86,000 early childhood educators and primary school teach- 
ers from around 35,000 child-care centres, after-school care centres and primary 
schools have already participated in the initiative’s professional development pro- 
gramme; among these are early childhood educators from around 28,000 child- 
care centres as well as educators and teachers from around 1,700 after-school care 
centres and around 5,300 (all-day) primary schools. 

Across Germany, around 6,000 child-care centres, after-school care centres 
and primary schools are certified as “Haus der kleinen Forscher”, of which more 
than 5,400 are child-care centres. Since autumn 2013, after-school care centres 
and primary schools have also been able to obtain certification. More than 200 af- 
ter-school care centres and over 300 primary schools have received the “Haus der 
kleinen Forscher” certificate since then (as of 21 October 2022). 


The continuing professional development programme 


The “Haus der kleinen Forscher” Foundation focuses on advanced qualification for 
educators in discovering and exploring mathematics, computer science, scientific 
and/or technical topics with children. Since 2018, advanced training courses have 
been offered with a focus on “education for sustainable development” (ESD). The 
aim is to provide continuous support for early childhood educators, teachers and 
leaders: Participation in advanced training courses on various topics successively 
expands participants’ methodological repertoire and deepens the understanding 
of the Foundation’s pedagogical approach. Alternating between face-to-face train- 
ing and transfer phases, educators can try out what they have learned in practice 
and exchange ideas at the next training session. 

In addition, the Foundation offers a constantly growing range of online cours- 
es which anyone interested can use individually, flexibly and free of charge to re- 
fresh or deepen their grasp of the subject matter. These include both open online 
courses, which can be attended independently at any time, and moderated online 
courses at fixed times. Here, participants work together on the content while the 
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moderator supports them. Web-based seminars (webinars) are scheduled for a 
specific time and include an interactive online talk. There are also topic-specific 
forums that allow professionals to reflect on their own practical experience to- 
gether with other early childhood educators and primary school teachers. 

To allow as many interested early childhood educators, teachers and leaders 
as possible to participate in the professional development programme, further 
qualification takes place via a multiplication model: The “Haus der kleinen For- 
scher” Foundation trains trainers at several locations in Germany. These trainers in 
turn offer professional development for educators in their local network (Stiftung 
Haus der kleinen Forscher, 2019b). By participating in the Foundation’s face-to- 
face and online training courses, these trainers qualify to offer professional devel- 
opment courses for educators. They receive support in the form of detailed work- 
ing materials for their task in adult education and also have the opportunity to gain 
personal feedback through the Foundation’s training observation programme or 
in the form of video coaching. In addition, an online campus is available for the 
trainers to allow them to refresh and deepen their grasp of the subject matter. The 
digital learning platform offers a variety of online learning programmes, as well 
as content-related information and working documents for the individual training 
modules. For certain topics, there is the possibility to work independently on open 
e-learning modules, participate in tutor-led courses and use the online support 
courses for face-to-face professional dvelopment. In addition, trainers can get in 
touch with each other and exchange ideas in specific forums or open chats. The 
educational initiative offers different topics for trainers every year. 

Since 2017, the Foundation has offered flexible entry to its educational pro- 
gramme for early childhood educators, teachers and leaders, as well as for train- 
ers‘. If the learning support staff see a need to expand their pedagogical compe- 
tencies or would like to get an overview of the Foundation’s pedagogical concept, 
they can start with the face-to-face professional development courses “Explora- 
tion and Inquiry with Water” or “Exploration and Inquiry with Air”, in which the 
Foundation’s pedagogical approach is explored in greater depth; or they can at- 
tend the seminar or online course “Basic Seminar - The Pedagogical Approach of 
the ‘Haus der kleinen Forscher’ Foundation”. Likewise, early childhood educators, 


ı By making the entry to the Foundation’s educational programme more flexible, the Foundation as- 
sumes greater personal responsibility for its target groups. In accordance with the notion of the inde- 
pendent learner, which forms the basis of the Foundation’s pedagogical concept, it relies on the fact 
that the early childhood educators, teachers, leaders and trainers can themselves recognise where 
they stand in terms of their interests and needs and which topic or format is the right entry point for 
them to the “Haus der kleinen Forscher” educational programme or which offering they wish to use 
for their further professional development. In order to support users in their professionalisation as 
learning facilitators in the best possible way, the Foundation offers targeted educational programmes 
and continuously develops these further in an impact-oriented and needs-based manner. 
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teachers and leaders or the trainers can choose another module on mathematical, 
computer science, scientific or technical topics or on education for sustainable 
development as an introduction. The content is offered in different formats: on- 
site training, self-education formats (such as online courses or printed education- 
al materials) and educational events. The “Haus der kleinen Forscher” certificate 
also supports quality development of the educational work at the institutions and 
makes the commitment to good early STEM education visible to the outside world. 
The Foundation is strongly oriented towards the needs, prior knowledge, previous 
experience and interests of its target groups. 

The approach of providing support that is as individual and needs-oriented 
as possible - which the Foundation pursues both at the level of children and early 
childhood educators, teachers and leaders - is also implemented at the level of 
the trainers through the quality system for further training. The main elements of 
the system are the application and accreditation at the beginning of the trainer’s 
activity, qualification phases designed according to needs and re-accreditation 
every two years. Based on the goal dimensions for multipliers of early STEM edu- 
cation, it systematises and expands the requirements for trainers and makes them 
explicit (Stiftung Haus der kleinen Forscher, 2019b). 

The Foundation’s offerings for early childhood educators, teachers and lead- 
ers are also developed based on sound goal dimensions relating to subject-specif- 
ic criteria. They specify which goals are to be achieved in each case. Goal dimen- 
sions for children and early childhood educators and primary school teachers have 
been developed collaboratively with experts for the individual STEM disciplines, 
as well as for education for sustainable development and used as an orientation 
basis for the development of courses (“Haus der kleinen Forscher” Foundation, 
2018; Stiftung Haus der kleinen Forscher, 2015, 2017a, 2018a, 2019). 

The goal dimensions for early computer science education were developed 
and published in German for the first time in 2018 and are presented in this vol- 
ume in English translation. At the beginning of the 2017/2018 academic year, the 
content of the Foundation’s offers was expanded - to include the educational area 
of computer science education - with the workshop “Discovering computer sci- 
ence - with and without computers”. In 2021, this was supplemented with the 
blended learning advanced training course “Computer science education in pri- 
mary school teaching” (cf. chapter Conclusion and Outlook). All offers were devel- 
oped based on the present expert report “Goal dimensions of computer science 
education at elementary and primary level”. 

In 2018, the Foundation also expanded its range of training courses, content 
and materials for education for sustainable development which is aimed not only 
at early childhood educators and primary school teachers, but also, for the first 
time, at child-care centre leaders. The latest training programme, “Rethinking 
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Consumption”, offers educational staff and leaders at child-care centres the op- 
portunity to learn more about consumption and sustainability at their institutions 
and address the topic with children. In 2019, the Foundation’s offer was supple- 
mented with the professional development course “STEM is everywhere”, which 
for the first time addresses all STEM disciplines together and focuses on methods 
for learning support that apply to all STEM topics. In 2020, the number of new 
registrations on the online learning platform multiplied due to the Coronavirus 
pandemic. The Foundation reacted quickly, and within a very short time was able 
to offer additional online courses on topics such as “Co-constructive learning sup- 
port”, “Philosophising with children” and “Impulses in inquiry”. Since 2021, early 
childhood educators, teachers and leaders have also been able to participate in 
online training courses via their local networks. 


Scientific monitoring and quality development 


All activities of the educational initiative are continuously monitored and evalu- 
ated scientifically. The “Haus der kleinen Forscher” Foundation maintains open 
exchange with science and professional practice and sees itself as a learning or- 
ganisation. 

A comprehensive range of measures serves to ensure and further develop the 
quality of the “Haus der kleinen Forscher“ (see Figure 1). The Foundation’s inter- 
nal quality management covers all important activities and services with its own 
evaluation measures and comprehensive monitoring. For this purpose, the Foun- 
dation draws on a whole range of data sources (such as event-related surveys of 
network coordinators, trainers and early childhood educators, teachers and lead- 
ers); a combination of cross-sectional and longitudinal data enables a view of the 
current situation and also of important changes in recent years. In order to be able 
to react flexibly to the Foundation’s need for insights, several surveys are conduct- 
ed with different target groups at different points in time. 

The longitudinal perspective plays an increasingly important role in the Foun- 
dation’s internal evaluation and monitoring measures, also in order to meet the 
demand for stronger impact orientation. The Foundation provides important re- 
sults of these measures in its regularly published monitoring report. For example, 
the 2016/2017 monitoring report uses an impact chain to describe how the edu- 
cation offered by the initiative contributes to improving early STEM education in 
Germany (Stiftung Haus der kleinen Forscher, 2017b). In the 2018/2019 monitor- 
ing report, the cross-sectional analyses are continued and methodically supple- 
mented by results from the longitudinal study (Stiftung Haus der kleinen Forscher, 
2020a). Further analyses of these data show that participation in a “Haus der klei- 
nen Forscher” training course also has a longer-term effect on subject-didactic 
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knowledge, motivation and self-efficacy of the educators. The effects of participa- 
tion in professional development are also related to the individual characteristics 
of the educators (e.g., initial level of competence and professional experience) as 
well as to the organisational framework conditions (e.g., STEM supervision ratio) 
(Stiftung Haus der kleinen Forscher, 2020a, 2022). 

The content-related (further) development of new Foundation courses always 
takes place in a professionally sound manner and in collaboration with science; 
new Foundation courses are also developed and tested together and in exchange 
with working professionals. In cooperation with educators from child-care cen- 
tres, after-school care centres and primary schools, each new training programme 
is tested in detail before the training concepts and materials are disseminated in 
the regional networks. In the process, the participating early childhood educa- 
tors, teachers and leaders test the feasibility of initial practical ideas and provide 
feedback on the Foundation’s support services. Educational concepts are revised 
and further developed based on this feedback. 


Certification of educational institutions 
“Forschergeist” (Spirit of Inquiry) Competition 


Development 

Scientific Advisory Board 
External studies, evaluations 
and research projects 


Survey of the target groups + of educational > 
> Working groups on 
specific topics 


Quality 


Transparent 
publication of results 


Series on scientific studies on the work ofthe 
“Haus der kleinen Forscher” Foundation 
Interviews and expert contributions 


Figure 1. Overview of measures to ensure and further develop the quality ofthe Foundation’s 
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services 


At the institutional level, “Haus der kleinen Forscher” certification is another im- 
portant quality development tool (Stiftung Haus der kleinen Forscher, 2020b). The 
Foundation awards certificates according to a standardised procedure that was 
developed based on the “Deutsches Kindergarten Giitesiegel” (German kinder- 
garten quality seal) and with the participation of a team of scientists (Yvonne An- 
ders, Christa Preissing, Ursula Rabe-Kleberg, Jörg Ramseger and Wolfgang Tietze). 


Introduction 


The reliability and validity of the certification procedure for child-care centres were 
confirmed in an external scientific study (Anders & Ballaschk, 2014). Certification 
as a “Haus der kleinen Forscher” is a free procedure for monitoring and enhancing 
pedagogical quality during the implementation of STEM educational content. By 
answering the questions in the certification questionnaire and receiving subse- 
quent detailed feedback from the Foundation with practical suggestions and tips, 
child-care centres, after-school care centres and primary schools are supported in 
their quality development. Follow-up certification can take place every two years 
and enables the long-term anchoring and further development of educational 
quality at institutional level. 

From 2012 to 2020, the “Deutsche Telekom” Foundation and the “Haus der 
kleinen Forscher” Foundation organised the nationwide “Forschergeist” child- 
care centre competition to honour the commitment of child-care professionals 
and the quality of institutions and to further motivate them to engage in early 
education work in the STEM field. In September 2019, the initiators launched the 
“Forschergeist” competition for the fifth time. Outstanding projects that inspire 
children for the world of science, technology, engineering/computer science, 
mathematics as well as education for sustainable development were awarded 
prizes in 2020. The award-winning projects were documented and published for 
each of the five competitions so as to serve as good examples to inspire other 
professionals for exploration and inquiry at child-care centres (Deutsche Telekom 
Stiftung & Stiftung Haus der kleinen Forscher, 2021}. 

In addition to continuous monitoring for quality assurance and quality devel- 
opment, the Foundation’s work is professionally substantiated and evaluated in 
research projects as part of long-term external accompanying research conduct- 
ed with renowned partners. Two independent research groups investigated the 
impact of science education in early childhood from 2013 to 2017 (Stiftung Haus 
der kleinen Forscher, 2018b)3. The aim of the first research project “Early Steps 
into Science” (short: EASI Science, funded by the “Haus der kleinen Forscher” 
Foundation and the Federal Ministry of Education and Research) was to gain in- 
sights into the impact of early science education on the scientific competencies 
of educational staff and children at child-care centres. The results show that early 
childhood educators who have received further training in science have a higher 
level of subject knowledge and subject-didactic competence than a comparable 
group who have not attended such professional development courses. In addi- 
tion, motivation for and interest in science education are greater among educators 


2 Documentation of the projects that won the “Forschergeist” competitions of 2012, 2014, 2016, 2018 
and 2020 is available at forschergeist-wettbewerb.de. 

3 Further information is available at www.haus-der-kleinen-forscher.de under the section “Scientific 
monitoring”. 
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who have received further training. Children also take more pleasure in learning, 
show greater interest in science and have more self-confidence in their own abil- 
ities if one of the focal points at their child-care centres is science (Steffensky et 
al., 2018). The second research project “Early Steps into Science and Literacy” 
(short: EASI Science-L, funded by the “Haus der kleinen Forscher” Foundation, 
“Baden-Württemberg” Foundation and “Siemens” Foundation) investigated the 
impact of language education and quality of interaction in the context of science 
educational programmes. The study showed that inquiry-based learning is well 
suited to language education. Educators who have attended professional devel- 
opment courses in science create more linguistically stimulating learning oppor- 
tunities for children than educators without advanced training in this area. The 
children exhibit a higher level of linguistic competencies if their educators have 
previously participated in a combined training course on science and language 
offered by the “Haus der kleinen Forscher” Foundation. In addition, there are pos- 
itive correlations between the science-related process quality designed by the ed- 
ucator and the children’s science skills (Rank et al., 2018). 

With a view to the needs-based development of offers, from 2017 to 2019, the 
Foundation, together with the Federal Ministry of Education and Research, fund- 
ed a study on the “Entwicklungsverläufe von pädagogischen Fach- und Lehrkräf- 
ten in der frühen MINT-Bildung” (Early Childhood Educators’ and Primary School 
Teachers’ Professional Development; in short: EpFL MINT). The aim of the study 
was to investigate how self-perceived developments of early childhood educators 
and primary school teachers can be described in relation to professionalisation 
in the STEM field and whether different phases or formative events play a special 
role in the professional development of early childhood educators and primary 
school teachers. The results show that the number of training courses attended in 
the “Haus der kleinen Forscher” initiative is of central importance for professional 
development in early STEM education. The training courses also support educa- 
tors in breaking down barriers to exploring STEM topics (Skorsetz, Oz, Schmidt & 
Kucharz, 2020). 

Since 2020, the Foundation, together with the Federal Ministry of Education 
and Research, has been funding a study on the effects of the model programme 
“KiQ — gemeinsam für Kita-Qualität. Wenn Entdecken und Forschen zum Alltag 
werden“ (“Joining hands for quality in child-care centres. When exploration and 
inquiry become part of everyday life”). Through this child-care centre programme, 
the Foundation is looking at the institution as an overall system, adopting a con- 
tinuing education approach that combines personal and organisational aspects 
and taking into account that the way an institution is managed and organised has 
an impact on the pedagogical work at that institution (Deutsches Jugendinstitut & 
Weiterbildungsinitiative Frühpädagogische Fachkräfte, 2014; Strehmel & Ulber, 
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2017). During the model phase (2020-2022), the “KiQ” programme will be evalu- 
ated by the Foundation and scientifically monitored by an external research group. 
The aim is to gain important insights into the success indicators for implementing 
exploration- and inquiry-based learning at child-care centres. Furthermore, rec- 
ommendations are to be derived for future anchoring of the concept in the regular 
qualification offers of the Foundation and its eponymous professional develop- 
ment initiative “Haus der kleinen Forscher”. 

The Foundation draws on the findings of the studies to engage in systematic 
reflection on its existing educational offerings and the impact-oriented develop- 
ment of future professional development courses. The Foundation publishes the 
results of the scientific monitoring transparently in its publication series; all pub- 
lications are also freely accessible on the website‘. 

A Scientific Advisory Board supports the Foundation on research issues and 
in ensuring the Foundation’s services are professionally sound. It is composed 
of independent academics from various disciplines and makes recommendations 
to the Executive Board and the Foundation Board. The members of the Board are 
high-profile experts from relevant disciplines and are appointed for three years 
respectively. From 2021 to 2023, the following members are as follows: 


m Chairperson: Prof. Dr Mirjam Steffensky, University of Hamburg, Department 
of Educational Sciences 


m Prof. Dr Yvonne Anders, University of Bamberg, Chair of Early Childhood Edu- 
cation and Upbringing 


m Prof. Dr Nadine Bergner, Technische Universität Dresden, Didactics of Com- 
puter Science 


m Prof. Dr Fabienne Becker-Stoll, State Institute for Early Childhood Research 
and Media Literacy (IFP), Munich 


m Prof. Dr Wolfgang Böttcher, Münster University, Educational Science 


m Prof. Dr Marcus Hasselhorn, German Institute for International Educational 
Research (DIPF), Frankfurt am Main, Department of Education and Develop- 
ment 


4 All results and publications in the area of scientific monitoring are available in PDF format at: www. 
haus-der-kleinen-forscher.de, under the heading “Scientific monitoring”. All results of the external 
accompanying research are also published in this scientific publication series. An overview of the vol- 
umes published to date is available at www.haus-der-kleinen-forscher.de or at the end of this volume. 


1 Overview of the “Haus der kleinen Forscher” Foundation 


Prof. Dr Bernhard Kalicki, German Youth Institute (DJI), Munich, Department of 
Children and Childcare, and Evangelische Hochschule Dresden, Chair of Early 
Childhood Education 


Prof. Dr Olaf Köller, Leibniz Institute for Science and Mathematics Education 
(IPN), Kiel, and Kiel University 


Prof. Dr Nina Kolleck, Leipzig University, Political Education and Educational 
Systems 


Prof. Dr Armin Lude, Ludwigsburg University of Education, Department of Bi- 
ology, focus on Education for Sustainable Development 


Prof. Dr Jörg Ramseger, Freie Universität Berlin, Chair of Primary Level Edu- 
cation 


Prof. Dr Hans-Günther Roßbach, University of Bamberg, Chair of Elementary 
and Family Education 


Prof. Pia S. Schober, University of Tübingen, Chair of Sociology with a focus on 
Micro-Sociology/Dr Ludovica Gambaro, University of Tübingen, Department 
of Education and Family 


Prof. Dr Christian Wiesmüller, University of Education Karlsruhe, Department 
of Physics and Technical Education, and Deutsche Gesellschaft für Technische 
Bildung (DGTB), Ansbach 


Prof. Dr Bernd Wollring, University of Kassel, Didactics of Mathematics 
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2 Relevance of Early Computer Science 
Education 


We encounter computer science almost everywhere in our everyday lives, but we 
are often unaware of it. Whether we are waiting for the digitally controlled traffic 
light to finally turn green, operating our smartphone or switching on the fully au- 
tomated washing machine: information technology is always with us and so it also 
plays an important role in the lives of children. According to a study commissioned 
by the German Institute for Trust and Safety on the Internet (“Deutsches Institut 
für Vertrauen und Sicherheit im Internet” (DIVSI)), “the increasing digitalisation 
of everyday life is already firmly anchored in family life for young children - as 
a topic and in their concrete actions“ (DIVSI, 2015, p. 131). However, growing up 
in a digitally influenced environment does not automatically make children and 
adolescents competent users of digital technologies, as a study on computer and 
information-related skills among young people shows (Eickelmann, 2015). Accord- 
ing to this study, almost 30 percent of young people in Germany do not have suffi- 
cient computer and IT skills for successful participation in society. 

As part of the National IT Summit, which took place on 16 and 17 November 
2016 in Saarbrücken, the German Mathematicians Association issued the follow- 
ing appeal: “Not the mere use of digital media, but the understanding of their 
fundamentals is what is required for an effective digital transformation. [...] The 
aim should be to teach basic skills that enable learners to use digital innovations 
in a mature manner”.5 As such, computer science education is increasingly shift- 
ing into focus as a social task and should be an integral part of basic general ed- 
ucation in the future. As a result, mastery of elementary methods and tools of 
computer science receives a similar status as writing, reading and arithmetic. All 
children should be given the opportunity to receive early education in this field. 
This means giving children leeway to ask questions about digital media and the 
informatics systems on which they are based and to seek answers through explo- 
ration and inquiry. 

The “Haus der kleinen Forscher” addresses these challenges and aims to 
strengthen children’s educational opportunities in a core area of digital educa- 
tion by providing further education and training for early childhood educators 
and teachers at child-care centres, after-school care centres and primary schools. 
While there are more and more initiatives on digital media use, the Foundation 


5 DMV (German Mathematical Society) press release on “Bildungsoffensive zur digitalen Wissens- 
gesellschaft” (Education offensive for the digital knowledge society). Mitteilungen der Deutschen 
Mathematiker-Vereinigung (2017), 24(4), pp. 191-191. Retrieved March, 2022, from https://www.de- 
gruyter.com/document/doi/10.1515/dmvm-2016-0074/html 
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focuses on computer science ed- 
ucation at child-care centre and 
primary school age when devel- 
oping early computer science ed- 
ucation. There are no nationwide 
offers for computer science edu- 
cation for children aged 3-10 in 
Germany to date. While science, 
mathematics and technology ed- 
ucation has been making its way 
into child-care centres for some 
years, there is a gap with regard 


to computer science education, 
which is constantly widening in the course of the digital transformation of society. 
The Foundation’s goal in this area of education is to give children their first experi- 
ence in the field of computer science in order to develop a basic understanding of 
informatics systems in the long term. Thus, in 2017, a professional development 
module on the topic of “computer science” was added to the Foundation’s offer 
and expanded for primary school teaching in 2021. The aim is not to increase the 
use of digital media, but to understand the underlying concepts. The Foundation 
offers a series of courses for early childhood educators and primary school teach- 
ers to address the topic of computer science in their work with three- to ten-year- 
old children - also without using computers or tablets - and to implement this as 
has been commonly practised to date with everyday materials. 

In order to meet the Foundation’s high-quality standards, the content in the 
area of computer science education was also developed with professional and sci- 
entific support. Since 2015, the Foundation has therefore been in close contact 
with experts in the field of computer science education who critically accompany 
and advise on the development of the topic in specialist forums and expert meet- 
ings (see the following chapter). 
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3 Professional Basis for the Subject Area of 
“Computer Science” 


All content offered by the “Haus der kleinen Forscher” Foundation is developed 
based on the current state of scientific research on the respective topic. As already 
described, there are hardly any professionally sound or even evaluated concepts 
and educational approaches for the primary or even elementary level in the field 
of computer science education in Germany’®. For this reason, the Foundation has 
sought expert advice and support for the professional establishment and further 
development of the Foundation’s offerings in the field of computer science even 
more intensively than before in the other STEM educational fields of mathematics, 
sciences and technology. For the first time, renowned experts from international 
institutions and initiatives were involved in the development of the subject area. 
In addition, the Foundation is in constant dialogue with relevant partners and oth- 
er initiatives active in the field of computer science education. 

As part of the professional groundwork, the Foundation initiated the working 
group “Zieldimensionen informatischer Bildung im Elementar- und Primarbere- 
ich”? (Goal dimensions of computer science education at the elementary and pri- 
mary level) with experts from the field of computer science didactics and primary 
school pedagogy (Nadine Bergner, Hilde Köster, Johannes Magenheim, Kathrin 
Müller, Ralf Romeike, Ulrik Schroeder, Carsten Schulte). From 2015 to 2017, the 
working group developed an expert report in which they formulated theoretically 
sound goal dimensions within the framework of computer science education for 
children in child-care centres and primary schools, but also for early childhood 
educators and primary school teachers, and examined instruments for measuring 
them. In addition, the working group examined the criteria for successful achieve- 
ment of these goals and thus for effective and efficient early computer education 
in practice. Compared to the fields of mathematics, sciences and technology, 
where much more research findings were already available, the expert group has 
done excellent pioneering work in this context. 

In order to discuss the initial results of the working group as well as the current 
state of research on early computer science education with an expanded group 
of experts, the Foundation organised the first international expert forum “Early 


6 One of the few offerings is the “Experimentierkiste Informatik” — a computer-science education pro- 
gramme for children of pre-school and primary school age, which has been developed since 2015 
by “Forschungsgruppe Elementarinformatik” (Elementary Informatics Research Group (FELI)) at the 
University of Bamberg (http://www.uni-bamberg.de/kogsys/feli) 

7 More information on the working group is available at www.haus-der-kleinen-forscher.de/de/wissen- 
schaftliche-begleitung 
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Education in Computer Science” in Berlin in autumn 2015 with leading national 
and international experts from science and practice. Experts from Germany, Swit- 
zerland, the UK and Slovakia addressed the question of how computer science 
education for children in child-care centres and primary schools can succeed. 
There was intense debate covering subjects such as whether the active use of 
digital devices is indispensable for computer science education or whether initial 
computer science skills can also be developed without the use of digital devices. 
It was agreed that computer science education should start early in order to give 
children their first experience in this area and to develop a basic understanding of 
computer science (systems) in the long term. 

In autumn 2016, the second international expert forum took place in Berlin, 
focusing on the implementation of the expert recommendations in the Founda- 
tion’s offerings of computer science education. This time, in addition to leading 
experts from computer science didactics, representatives of national and interna- 
tional practical initiatives in early computer science education (e.g., New Zealand, 
Great Britain) were among the guests and shared their ideas and experiences. The 
Foundation presented its first practical ideas and experiences developed on the 
basis of the working group’s recommendations and discussed them with the ex- 
perts. The experts emphasised the necessity of ensuring that children could relate 
the subject matter to their day-to-day lives. They encouraged the Foundation to 
make it possible to implement practical ideas with everyday materials in computer 
science lessons as well. This means that children can gain their first experience 
of computer science education even without using digital devices. Furthermore, 
it became clear that there is very little experience in this area of education, espe- 
cially in the elementary sector. The Foundation’s initial offers were therefore to be 
accompanied scientifically. 

The results of the working group and the Foundation’s first practical ideas 
were presented and discussed at the 4th meeting of the Foundation’s Scientif- 
ic Advisory Board in October 2016 in Berlin. The members of the Advisory Board 
appreciated the detailed work of the working group and emphasised the need for 
research projects in view of the lack of empirical bases in the field of early com- 
puter science education. Furthermore, they welcomed the Foundation’s work to 
date in the field of early computer science education, which builds on professional 
expertise and international experience. 

Complementing the expertise on the goal dimensions of computer science 
education, Nadine Bergner and Kathrin Müller developed an expert recommenda- 
tion in which they present a selection of informatics systems for children at child- 
care centres and primary schools and describe how and under what conditions 
these can be used in the elementary and primary sector. 


Introduction 


The key findings of the subject-specific groundwork for early computer science 
education are published in the present volume. The contributions focus on goals 
and concepts for successful computer science education in the elementary and 
primary sector and form the basis for the further development of the content of the 
Foundation’s offerings in the field of computer science. 


Summary of Key Findings 
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The ninth volume of the series “Scientific Studies on the Work of the ‘Haus der 
kleinen Forscher’ Foundation” is dedicated to computer science education in the 
elementary and primary sector. It contains a comprehensive report prepared for 
the Foundation by computer science experts and forms the theoretical basis for 
the development of the Foundation’s content in the field of computer science. In 
addition, an expert recommendation provides an overview of informatics systems 
for children at child-care centres and primary schools and their use in elementary 
and primary education. 

In the first report “Goal dimensions of computer science education at the ele- 
mentary and primary level”, Nadine Bergner, Hilde Köster, Johannes Magenheim, 
Kathrin Miller, Ralf Romeike, Ulrik Schroeder and Carsten Schulte specify peda- 
gogical and content-related goal dimensions for early computer science educa- 
tion. Due to the lack of theoretical and empirical research findings in this area, 
the authors oriented their derivation of subject-specific goal dimensions for the 
elementary and primary level at the standards for the junior secondary level, pro- 
posed by the Gesellschaft fiir Informatik (German Informatics Society), as well as 
existing international curricula for early computer science education. The analysis 
of these existing concepts prompted the expert team to introduce a new process 
domain ‘Interacting and Exploring’, which they compared to the GI educational 
standards, in order to emphasise the importance for the hands-on and explorative 
handling of informatics systems at child-care centres and primary schools. The 
derived goal dimensions are discussed both at the level of the children and at 
the level of the early childhood educators and primary school teachers from the 
elementary and primary sector. 


For the children, the authors recommend the following goal dimensions: 


m Motivation, interest and self-efficacy in dealing with computer science (sys- 
tems) 


m Computer science process domains 
m Computer science content domains 
In addition, at the level of the children, goal competencies that are based on 


the guiding criteria described are prioritised and represent the most important 
age-appropriate links between process and content domains. 
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At the level of early childhood educators and primary school teachers, the follow- 
ing goal dimensions are recommended: 


= Motivation, interest and self-efficacy in computer science education 


m Attitudes, mindsets and understanding of roles with regard to computer sci- 
ence education 


m Computer science process domains 
m Computer science content domains 


m Computer science didactic competencies 


Furthermore, the authors discuss the success criteria for effective and efficient 
early computer science education in practise. These refer, on the one hand, to 
the competencies and attitudes of the early childhood educators and primary 
school teachers and, on the other hand, to the institutional framework conditions. 
Successful engagement with computer science topics in everyday life requires, in 
particular, competencies in computer science didactics on the part of early child- 
hood educators and primary school teachers. This includes, among other things, 
identifying and designing effective learning environments, selecting materials 
with high computer science potential that are adapted to the children’s individ- 
ual stage of development, and (maintaining) the children’s motivation in teach- 
ing-learning situations. According to the authors, an important prerequisite for 
the acquisition of these subject-didactic competencies is the subjective attitude 
of the educators and their motivation with regard to early computer science edu- 
cation. The educator’s own interest in computer science topics should also have a 
positive effect on the children’s motivation. 

Another essential factor for the successful implementation of computer sci- 
ence education at the elementary and primary level is to avoid false or distorted 
ideas about computer science. In this context, the team of experts also sees the 
cooperation of educational institutions with families and decision-makers as an 
important criterion for success in order to counter reservations about the topic. 
With regard to the resources available at educational institutions, the authors em- 
phasise that computer science education is also possible and expedient without 
the use of digital devices, especially at child-care centres. Especially with increas- 
ing age, the use of informatics systems offers opportunities to promote motivation 
and learning experiences and to link the content taught with devices which are 
actually available in the children’s everyday lives. The prerequisite for this is then, 
of course, appropriate technical equipment at the educational institutions. 
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Finally, the expert report underlines the necessity of developing instruments to 
record the defined goal dimensions. The authors list important criteria for the de- 
velopment of empirical measurement instruments to evaluate the implementation 
and impact of early computer science education in practice. They emphasise the 
importance of scientific support in the implementation of this field of education. 

In the second contribution of the volume, Nadine Bergner and Kathrin Müller 
give a professional recommendation on informatics systems for children in child- 
care centres and primary schools and their use in elementary and primary educa- 
tion. Even if the use of such systems is not an indispensable prerequisite for the 
implementation of computer science education at child-care centres, after-school 
care centres and primary schools, they offer an additional opportunity to teach 
computer science content in early education. The authors first describe a selec- 
tion of suitable informatics systems for the elementary and primary level and give 
an assessment of the age for which these devices are suitable, which previous 
experience is necessary, both on the part of the learning support staff and on the 
part of the children, and which learning goals can be pursued with the systems. In 
addition, they establish a relationship to the goal dimensions of computer science 
education. 

The conclusion of this volume describes the implementation of the recom- 
mendations in the content of the “Haus der kleinen Forscher” Foundation and pro- 
vides a look ahead to the Foundation’s future work. Based on these recommen- 
dations, the Foundation has expanded its range of services to include the area of 
early computer science education and has developed a professional development 
concept as well as extensive materials for practical use. 
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1 Potential of Computer Science Education 


Many children in Germany today grow up with great opportunities and prospects. 
There are many reasons for this, not least of which is a good education system. 
Another reason that has an impact on everyday life but is not yet reflected to the 
same extent in the education system at present is the changes brought about by 
digitalisation, which is currently taking hold of and reshaping all areas of life. This 
will lead to a further variation and multiplication of opportunities and also to new 
kinds of challenges. In a narrow sense, digitalisation implies the conversion of an- 
alogue (i.e., continuously variable and thus theoretically infinitely different) data 
into digital form, i.e., a form that can be mapped onto digits and thus processed 
by computers. This means that, in principle, data from all areas of life that can be 
digitalised can be captured, stored, processed, transmitted and disseminated by 
machines at low cost. The resulting enormous increase in available information 
creates far-reaching opportunities and challenges for society. 

At present, it is still unclear how to best respond to these comprehensive 
changes. Based on theoretical considerations, a look at comparable countries and 
their approaches, as well as the analysis of various practical projects and the state 
of research in computer science didactics, this expert report examines what con- 
tribution computer science education can make to contemporary and sustainable 
education in child-care centres and primary schools®. 

From our perspective, which is primarily shaped by computer science didac- 
tics, the following is clear: New digital media are not just another phenomenon 
in the everyday life of our children, they rather represent a new and independent 
educational area - besides others listed in the curricula for child-care centres or 
the competence standards for social studies and science in primary education 
(see Berlin, 2014; Gesellschaft für Didaktik des Sachunterrichts, 2013). This area 
of education has yet to develop, which is why we are using the discussions from 
different areas (digital education, media education, computer science teaching in 
the upper school) to design an age-appropriate concept’. 

The central goal of this new educational field or new perspective (at least 
partly new, as it cannot be exhaustively described by the technical perspective 
(see below)) is to act independently and responsibly in a digitally shaped world. 
This requires knowledge of the basic functional principles and modes of action 
of digital technologies, as otherwise they can - in the truest sense ofthe word - 


This article is a translation ofthe German version, dated 2018. 

The terms computer science, computer science education, media education and digital education are 
not very clearly defined in the general discussion. In the course of this exposition, an attempt will be 
made to unfold and disentangle the various terms as much as possible. 
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only be used superficially, and only insufficiently opened up, (co-) designed and 
evaluated. 
We start with the question: What actually is computer science? 


1.1 What is Computer Science? 


Computer science is part of the immediate reality of children’s lives — not only in 
the form of computers or other (obviously) digital devices, such as smartphones, 
tablets, photo- and videocameras, television sets, music players etc., but also in 
the form of devices and machines that are not immediately recognisable as such, 
like washing machines, clocks, microwave ovens, traffic lights and cars. 


Computer science can be found everywhere where 


© processes are automatically controlled and regulated (traffic light control, 
train timetable, the route of the rubbish truck or the programme of a washing 
machine), 


m data are stored and output digitally (camera, audio book), 
m data are transmitted (mobile phone, television, radio) or 


m data are changed and calculated (weather forecast, calculator, car navigation 
system...). 


Computer science education builds on experiences with digital devices to open 
up possibilities for (critical) access (not to be equated with handling) - especially 
access beyond the understanding of given processes: adaptation, configuration, 
construction and design. Computer science education is therefore largely based 
on the principles and concepts - hidden behind the user interface, so to speak - 
that are needed to construct and describe the functioning of digital systems, and 
thus enable their effective and efficient design and use. 

Computer science deals with information that represents a real-world phe- 
nomenon alongside substances (subject of chemistry) and energy (subject of 
physics). 


1.2 Computer Science as a Science 
The term computer science (Informatik) was originally defined in Germany in 1957 


as an artificial word made up of information and automatic: “They [engineers in 
the USA and Germany] found that it was possible to perform numerical calcula- 
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tions with electrical circuits, and at a speed that had simply been unimaginable 
until then. This was the beginning of automatic information processing. We call it 
‘COMPUTER SCIENCE” (Steinbuch, 1957, p. 171)"°. 

To this day, computer science is defined as the science of automatic infor- 
mation processing, and according to the Duden dictionary, the German term “In- 
formatik” — computer science - means (Claus & Schwill, 2006): “the science of 
systematic representation, storage, processing and transmission of information, 
especially automatic processing with the aid of digital computers”. 

In addition to its roots in mathematics and engineering, computer science 
also has its roots in the methods and issues of natural sciences and is also an em- 
pirical discipline. According to Tedre and Apiola, these traditional lines are inter- 
twined, but can be clearly distinguished in sub-disciplines (Tedre & Apiola, 2013). 
The following three traditional lines are still recognisable today: 


m from automation or engineering: construction of technical solutions 


m from mathematics: formal structure, abstractions, study of algorithms and 
increasingly 


m from the tradition of natural sciences: explaining the world - in the sense of 
explaining and studying the digital world 


In this context, computer science is (also) deeply involved in the field of psycholo- 
gical and sociological questions, research of media usage and usability (user-fri- 
endliness): How do people deal with digital devices? How do they have to be desi- 
gned in order to be usable? What are the effects and possibly also the undesirable 
consequences of the spread of use and how can we react to these? 

What does this mean for computer science education, which is what we are 
talking about here? To answer this question, we will take a closer look at individ- 
ual facets of computer science in the following. In particular, we will look at the 
perspective of construction. 


1.3 Construction in Computer Science 


From an engineering perspective, computer science is a science of construction, 
which, at its core, deals with questions around and about the construction of digi- 
tal artefacts’? - hardware and software. Such questions are quickly of general na- 
ture, e.g., whether all (computable) problems can be solved efficiently with infor- 


10 Quotations from German publications have been translated into English. 
11 Artefact (lat. ars, artis, “craft” and factum, “made”) stands for man-made objects (Wikipedia, 2014). 
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matics systems, i.e., in a realistic period of time. (They are not — most encryption 
methods are based on this insight.) The problems are often very specific and have 
a relation to practice or people. For example, the question of how to best devel- 
op software in a team; many software projects require hundreds of person-years: 
How can work be distributed such that you do not have to wait hundreds of years 
for the dissemination of the software? 

For education, however, it is not so much the questions about technical de- 
tails that are interesting, but rather the fundamental questions about how this 
construction takes place in principle, what is actually being constructed and how 
this affects the life of the individual. 

One goal of computer science is to develop efficient algorithms that can be ex- 
ecuted on digital artefacts, to automate the processes and to transform the data. 
But what does this mean? Why is this a novel technological achievement on its 
own, unprecedented in the history of mankind, which actually affects and very 
often radically changes all areas of life? 

Already in the first didactic treaties of computer science at the end of the 
1960s, the new - digital - technologies were understood as “the principal con- 
clusion of the history of technology” (Frank & Meyer, 1974, p. 592) of mankind. 
According to this view, man has delegated more and more functions to tools, i.e., 
to objects. A distinction is made between three phases (see Frank & Meyer, 1974) 


Phase 1: Objectification of limbs or organs such as fist, teeth, hands by means of 
corresponding tools derived from the environment, which were usually modified 
for this purpose (stone, hand axe) 


Phase 2: Objectification of physical labour through machines 


Phase 3: Objectification of mental labour through computers 


While the first ideas about computer science teaching — at a time before (!) the in- 
vention of the PC - focused on the hardware of this new technology, a consensus 
quickly developed that is still valid today in abstract form and which briefly sum- 
marises the essential ideas of the algorithm-oriented approach in the 1976 re- 
commendations by the Gesellschaft für Informatik (GI) on the objectives and cont- 
ent of computer science education: “The subject of computer science education is 
not primarily the technical function of the computer. Rather, it seems essential to 
know and recognise the possibilities of using the computer, as well as the effects 
and limits of the use of computing devices” (Eickel et al., 1969, p. 35). 

In 1976, the aim of exploring the “possibilities of using the computer” was 
understood to mean discarding the misconceptions about the computer, such as 
that itis an “electronic brain” and contains “button-pressing automation” and es- 
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tablishing a rational understanding. Specifically, this means: “understanding of 
the problem of the possibilities”, “classification of computer science knowledge 
in the world of experience”, as well as special computer science knowledge (Eickel 
etal., 1969, p. 35). 

From a methodological point of view, the early curricula proposed a focus on 
programming. This means that learners should (in principle) acquire basic knowl- 
edge of computers and computer science concepts through their own experience 
of the construction processes, be able to assess the possibilities, limitations and 
implications, and finally use and apply what they have learned independently 
through algorithmic problem solving and automation. 

In implementation, however, the focus of the lessons was - at least initial- 
ly - too often on practising individual programming language constructs rather 
than on solving problems and reflecting on these problem solutions: Instead of 
training thinking and problem-solving skills, the commands of a programming 
language were presented and practised as isolated items. To prevent this, com- 
puter science education was subsequently designed to be very project-oriented 
and thus also - at least to some extent - interdisciplinary: The focus was to be on 
solving real-world problems of application. In addition, less emphasis was placed 
on the actual technical construction in order to concentrate on the actual planning 
and design processes (more detailed in Schulte, 2001). This orientation is also 
referred to as modelling, as opposed to programming (cf. Figure 2). 


Modelling Deconstructing 


Further develo- 
ping (refining, 


Implementing enhancing) 


> (Testing) > (Applying) > 


| Analysing > Designing > 


Programming 


Figure 2. Steps in the construction process in computer science (boxes in the middle) and their 
respective emphasis: Programming emphasises implementation, modelling emphasises 
design. Deconstruction, as well as newer cyclical and agile models increasingly address the 
constant adaptation and evolution of existing products and sub-products. 


In general, analysing is about understanding the problem and breaking it down 
into individually solvable sub-problems. A solution is then developed for these 
in the design phase and implemented in the implementation phase. These steps 
also apply to problems outside of computer science, so that the teaching of such 
general problem-solving competence is always seen as an important contribution 
of computer science education to general education. However, this does not yet 
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explain the special significance of computer science-based problem-solving for 
the digital world. Therefore, these problem-solving and construction activities will 
be studied in more detail below. 

In accordance with the division into different development stages of tech- 
nology use mentioned above, the unique feature of computer science is that the 
automation of mental processes is in the foreground. Automation (of mental pro- 
cesses, or as we would rather say today: of information processing) is thus also 
the goal of computer science construction processes. 

For modelling - especially also analysis and design steps - this means the 
following: The starting point is a specific (problem) situation. This must first be de- 
limited and generalised with regard to a purpose because (only) generalised and 
thus recurring aspects of a situation stand a greater chance of being meaningfully 
automated. The solution can then also be used recurrently. 

This generalisation of a situation therefore also means recognising and un- 
derstanding the concept behind it. Modelling thus creates a model of the general 
process in the real world’. 

One can imagine this as follows (cf. Figure 3): Starting from S, model C is 
created (S stands for situation, C stands for generalised concept). This situation 
analysis is a deliberate and intentional abstraction to the essentials. The essential 
element depends on the desired purpose of the later solution and can always only 
be decided in the so-called socio-technical context — because purposes are cre- 
ated by and for people. Analysis and abstraction therefore also take place in the 
context of the development of an informatics system and in the context of clients, 
contractors and users and are not to be understood as neutral or value-free, but 
intentional. 


12 In this context, the real world also includes desired objects and situations that do not yet exist but are 
to be created. 


A Goal Dimensions of Computer Science Education 


Modelling S > C means: to abstract. Because abstracting is: 


a) generalising by reducing unimportant detail of the respec- 
tive different situation to the decisive commonality. 


At the same time, abstracting means 


b) retaining the important aspects with regard to the pur- 
pose of modelling 


and also 


c) recognising the commonalities at a higher conceptual 


level: so to speak seeing the forest out of the trees. 


Figure 3. Definition of abstraction 


These steps are located in Figure 2 in the area on the left. In programming, these 
steps are called the analysis phase. 

Based on the analysis, a solution can be designed (the step from C to C’ in 
the figure). In this step, the model or parts of it are mathematised and formalised. 
This is the crucial process in designing in computer science: In the digital world, 
in the informatics system, all steps that are to run automatically must be clearly 
determined and described! 

This model can then be implemented, so that a machine can execute it auto- 
matically and a user can apply it (in Figure 2). 

The application of the solution is then again situation-specific, i.e., for exam- 
ple, with precise input data (in Figure 4, step C’ to S’). By applying the implement- 
ed model, e.g., insights about the real world can be gained (simulation). 

The complexity of such a process can be shown using the example of the ‘cal- 
endar: If a date is to be advanced by one day, this can be done with the following 
input: day n > day n+1. This step seems simple at first. At the end of the month, 
however, the formula becomes more complicated: day n+1 is no longer sufficient 
here, but must be extended by month +1. At the end of the year, in leap years or 
with different month lengths, further information must be added respectively (in 
detail for this example Caspersen & Kolling, 2009). The example shows that in a 
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computer science solution all steps and decisions must be considered and unam- 
biguous. Therefore, even with simple examples, it quickly becomes quite complex 
and difficult to keep track of the individual steps and decisions. 


Figure 4 provides an overview of the summary of the construction steps: 


Formalising 
Model world 
Modelling 


abstracting concretising 


Interpreting 
Real world 


Applying 


Figure 4. IT modelling (see Humbert & Puhlmann, 2004, p. 71; Schulte, 2003, p. 45, 72) 


In summary, the computer science design process is thus structured as follows: 
From a situation or a single phenomenon (S) in the real world, a model is abstract- 
ed which describes the phenomenon as a concept (C). The model is then trans- 
ferred to the informatics world or the model world (C’) in mathematised and for- 
malised form. Model C’ can then be concretised by creating a specific programme 
from its abstract description (so-called specification). This programme is then ex- 
ecuted on a computer. The application of the programme has an effect on the real 
world in turn. 

What is decisive now is the difference between the real world and the model 
world. In the real world, the exact definition of an object or phenomenon is usually 
intuitively clear, but the precise demarcation is often difficult: For example, where 
does the mountain begin and the valley end? Describing ideal types is usually 
easy, but there are always blurs. E.g.: At what number do we call a collection of 
trees a forest? In the model world or the world of computer science, it must be 
possible to relate all these blurs to unambiguous statements. In this view, all indi- 
vidual situations and phenomena can be traced back to an unambiguous concept. 
This retracing is the basic prerequisite for digitalisation and automation. Peter 
Schefe describes this situation from the perspective of a software developer as 
follows: “The fundamental dilemma of software technology is to have to formally 
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reconstruct what cannot be formalised” (Schefe, 1999). Thus, in computer science 
construction, an unambiguity is established, which is not always present. In de- 
velopment, decisions are made in this regard that are often relatively unimportant 
from a purely software-engineering point of view - for example, how big ‘n’ has 
to be to speak of a forest. From a user perspective, this can be quite relevant, for 
example, if owners have to pay a different tax rate for ‘forest’ than for a collection 
of trees. 

So, the decision depends on external factors, on the intended use, or is simply 
made in the course of development. An important aspect is that these decisions 
are normative and have an effect. They define aspects that are later valid in the 
application and thus in turn shape the initial situation in reality (S becomes S’). 

Informatics solutions therefore always establish a uniqueness that may not 
have existed before. And: They always do this for a specific purpose, and this in- 
tended purpose entails another important consequence: A change in reality, an ef- 
fect, is always intended. The automatic execution is intended to create or replace 
something - and thus the digital artefact used becomes part of the previously 
analysed reality (in the figure, the step from S’ to S). 

However, the model (Figure 4) falls short at a crucial point: The solution itself 
does not remain in the model world, but becomes part of the real world and chang- 
es the initial situation S. In principle, therefore, the solution always comes too 
late: As soon as it is used, the situation for which it was once developed no longer 
exists. This drives the cycle of changing software versions. Commercially distrib- 
uted products are also usually offered not only by name but by name and version 
number, and new versions can be acquired in quick succession. A single software 
product can therefore only be understood by looking at the series of predeces- 
sors and possible successors. In general terms: The (further) development of pro- 
grammes or digital systems and infrastructures takes place in a co-evolution: on 
the one hand, triggered by changing conditions and new ideas in the context of 
use, the social side, and on the other hand, equally driven by internal technical 
requirements and further developments. Digital systems or informatics systems 
are therefore increasingly understood as socio-technical systems (Magenheim, 
2000). 

With the increasing importance of computer science in everyday contexts, it 
is also becoming clearer that a purely inner-technical view is not sufficient to de- 
velop useful systems. And so, the theoretical view of the subject or field of com- 
puter science has also changed: In the past, it was easier to assume that clear and 
well-defined requirements could be placed on the construction of systems and 
that these requirements came from the outside, so to speak. Computer science 
itself concentrated on the technical implementation of these requirements - the 
path from C to C‘, i.e., also in software development or programming and the as- 
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pect of implementation. It dealt with what was then conceptualised as the pur- 
poseless construction of information-processing technologies. Its world was a 
mathematically describable world, defined by the possibilities and limitations of 
computers that could be fully described as a purely mathematical model (this is 
the basis of the mathematical view or tradition of computer science). 

In this view, informatics systems could be considered with the paradigm of 
input-processing-output, focusing on the middle domain: Automation (hence the 
early coined term of the scientific discipline as informatics; see above). In the 
meantime, however, informatics systems are no longer adequately covered by this 
automation perspective, since interaction with distributed digital infrastructures 
such as social networks, flight booking systems, etc. produces much more com- 
plex processes. 

Peter Wegener summarises these processes with the term interaction 
(Wegner, 1997). While in the purely or narrowly understood technical side of such 
systems, ‘only’ algorithmic processes can be observed, which can be recorded 
with corresponding mathematical description possibilities, the behaviour of the 
overall system emerges through parallel inputs from possibly millions of human 
users. In this way, however, the socio-technical system as a whole goes beyond 
the possible conditions that can be calculated comprehensively in advance. 

Allin all, it becomes clear that the essence of computer science can be deter- 
mined by its construction process - and that computer science has a lot to do with 
model chains and different degrees of abstraction and modelling. Bernd Mahr 
even concludes: “However, no matter how you look at the science of computer 
science, models always play a dominant role” (Mahr, 2009, p. 228). 

And further: 


“The close connection between computer science - in practice and scien- 
ce — with models also becomes clear when one considers the guiding 
question that explicitly or implicitly underlies its practical and scienti- 
fic work. In computer science, this guiding question, which governs all 
engineering principles, presupposes the situational context of an infor- 
mation technology system development and reads: Does system S meet 
the requirements placed on its application? In computer science, there is 
probably no activity that can be taken seriously, that is not in some way in 
the context of a system development, be it that this development is only 
generally thought of or that it is specific. And to be taken seriously, this 
activity must contribute, directly or indirectly, to answering the guiding 
question it raises” (Mahr, 2009, p. 229). 
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Mahr continues with an analysis of modelling and the role of models. In Figure 4 in 
this chapter, we have described the modelling process. This can be supplemented 
with Mahr’s analysis (see Figure 5 below): 
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Figure 5. Structure of model relations by which an object M as model u becomes the carrier 
ofacargoy. 


According to this, one cannot see per se whether an object is a model; instead, its 
“being a model” only proves itself in use (lower half of the diagram): Object M can 
be a model of A or (possibly without reference to an actually existing A) a model of 
B (or both). Mahr’s decisive new view is now the function of being a model (upper 
half of the diagram): An object is (only) used as a model if it transports something, 
i.e., if it carries information that cannot be transmitted in any other way or only 
with difficulty. He refers to this information as cargo. When, in computer science 
or construction, we talk about abstraction, and this is considered difficult, then we 
can use this model to show that the difficulty lies in finding the appropriate car- 
go. And this makes it clear once again that modelling only ever becomes clear in 
relation to the purposes and the socio-technical embedding of the construction. 

(Mahr’s model is also interesting because it delineates the role of computer 
science or modelling in computer science in comparison to other disciplines - and 
because it is used in science didactic research, such as in the development of 
“model competence” in biology and physics.) 
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1.4 Similarities and Differences in Computer Science in 
Comparison ... 


1.4.1 ... to the Natural Sciences 

At first glance, the difference between computer science and the natural scienc- 
es can be easily summarised: While the natural sciences seek to investigate and 
explain the natural environment that surrounds us, i.e., the environment given 
by itself - nature, computer science looks at an artificial element: technical sys- 
tems and procedures of automated information processing. Computer science and 
technology investigate the nature and design of artificial objects, which in this 
context are called artefacts (“lat. ars, artis ‘craft’ and factum ‘made’ stands for 
man-made objects”, Wikipedia, 2014). 

To put it more bluntly, one could say: The natural sciences deal with given 
phenomena of objects, while computer science and technology deal with artificial 
or man-made objects. 

In both cases, therefore, the essence and the properties of these objects can 
be investigated: their internal structure, their mode of operation or principles of 
action etc. - the question of the structure of objects. However, there are two deci- 
sive differences in this respect: 


1. Computer science as a science of construction poses this question mainly from 
the perspective of the developer and constructor: So, the answer is basical- 
ly something like a description of the construction. Natural sciences ask this 
question to understand and explain. However, we believe that in educational 
contexts, digital artefacts should also be examined from this ‘scientific-under- 
standing’ perspective in view of the increasing digitalisation of all areas of life 
- which children find to be just as much a given as the natural environment. 
In this perspective, ‘computer science phenomena’ are then examined analo- 
gously to natural phenomena. Here, computer science education — especially 
for younger children - will probably have to develop such explanatory models 
for digital artefacts even more as a Subject didactic research task in the future, 
since a subject-scientific explanation is not necessarily the appropriate model 
of understanding for a constructor. 

2. The study of structure alone, however, falls decidedly short and fails to rec- 
ognise that we are not dealing with natural phenomena whose existence and 
structure must be taken as a given. Such a far-reaching transfer would denote 
what critics sometimes accuse computer-science education of: Children’s ad- 
aptation to the digital world and its structure. Thus, if digital artefacts/phenom- 
ena are to be studied, the designed, the man-made element, must always be 
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included. For their structure has 
not developed naturally, but has 
been constructed with a specific 
intention. Therefore, it is impor- 
tant to always consider the func- 
tion or intention of the artefact 
(Schulte, 2008a, 2008b). It is 
interesting to note that the same 
function could usually have been 
achieved by a different structure. 


1.4.2 ... to Technology 


In technology, expertise for the 
“Haus der kleinen Forscher” Foundation highlights the following characteristics 
for technology and technology science, which (at first) sound exactly like charac- 
teristics of computer science - especially in the constructive view adopted above. 
The characteristics are: “the design openness of technology, the value-bound 
nature of technology, the discursive character of the decision on the design of a 
specific artefact, the evaluation of the appropriateness of technical solutions, the 
culture-shaping effect” (Kosack, Jeretin-Kopf & Wiesmüller, 2015, p. 39). In the 
enumeration, the term technology can easily be replaced by computer science. 
But where then are the differences in the sciences and the specific contribution 
of computer science education? These differences become clear in the concretisa- 
tion; for further on, the technology expert states: 


“Technology education must include: 


m aspects of the natural interdependencies that become effective in 
every specific artefact, 


™ aspects of creative openness for specific problem solutions in con- 
nection with the actual activity, as well as 


m aspects of the evaluation of artefacts with regard to the functional 
fulfilment, the side effects and the embedding in a cultural context. 


These side effects must be concretised in terms of content, e.g.: 


m it must be possible to explore natural cause-effect relationships 
when using materials and tools insofar as they could be of signifi- 
cance for the purpose of the artefact. Teaching must provide space 
for experiencing basic laws such as the law of levers, Hooke’s law, 
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Ohm’s law etc., without the laws having to be formulated mathe- 
matically. Qualitative proportional relationships - especially in the 
lower grades — are quite sufficient” (Kosack et al., 2015, p. 39). 


“Natural cause-effect relationships” of “material” look significantly different for 
digital artefacts than for technical ones. In particular, abstract material of “soft- 
ware” must first be made tangible. Let’s therefore take a closer look at the step 
from Cn > C’ in the diagram (see Figure 4): As formulated above, model (C) that 
emerged from the analysis and abstraction was made unambiguous through for- 
malisation and mathematisation. But what “materiality” of the building substance 
forces this kind of formalisation and unambiguity? It is due to the way informatics 
systems process data: in simple, unambiguously defined steps. So, for example: 
Now the valley begins, so X applies. X could be defined as: We are on a bridge. In 
the technical construction of the bridge, on the other hand, there is usually more 
leeway as to where exactly it begins. The safety of a bridge can also be techni- 
cally guaranteed in a different way: If the load-bearing capacity is perhaps not 
sufficient, the material thickness of the bridge piers can be increased somewhat. 
This is not possible in computer science: Here, it brings no additional gain if, for 
example, a case distinction is built into a programme a second time in order to 
have it checked twice. An informatics system is always in exactly one state: Either 
the test has resulted in state X or state Y - a second test does not improve the 
“viability” of the result. 

This state concept causes another difference in “materiality”: In “natural” 
cause-effect relationships, small deviations usually have small effects: If, for ex- 
ample, a bridge pier has turned out to be a tiny bit thinner, it does not make that 
much difference to the overall stability of the structure. But if the current state is 
“slightly off” in an informatics system, this simply leads to a different state - and 
can then be a fatal error state, regardless of the “initial state”. The general law 
that small deviations usually have small effects does not apply here. 

That is why there are no “analogy conclusions” in digital “materiality”: In 
natural materials, similar compositions usually also behave similarly - in digital 
systems, similar initial states of a system can lead to completely different target 
states. 

Reinhard Keil (Keil-Slawik, 1994) mentions further peculiarities of the mate- 
riality of software and comes to the conclusion that software should be regarded 
less as a “product”, and more as a “collection of plans”: In the programme text, 
developers determine “what is to be executed at the runtime of a programme, in 
what order and under what environmental conditions” (Keil-Slawik, 1994, p. 4). In 
doing so, it is important to “completely record all special cases and exceptional 
conditions and to process them appropriately” (Keil-Slawik, 1994, p. 5). Accord- 
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ing to Keil, with reference to Peter Naur (Naur, 1985), programming or software 
development can thus be understood as theory building: Software development 
should not(!) 


“primarily be understood as a production of programmes and associated 
texts, but rather as a process in which programmers develop a theory 
about how existing problems can be solved through programme exe- 
cution. However, since not all problems and decisions occurring during 
system development can be documented with all their interrelationships, 
this theory exists only in the minds of the developers. Reconstructing the 
theory on the basis of documentation alone is completely impossible” 
(Keil-Slawik, 1994). 


Mittermeir elegantly summarises this difference in materiality, and highlights 
another aspect that may certainly be very interesting for the introduction to com- 
puter science education: 


“In contrast to other technical subjects, in computer science, we do not 
construct by physical material processing, but by linguistic formulation” 
(Mittermeir, 2010, p. 59). 


1.4.3 ... to Mathematics 

Formally, computer science has a lot to do with mathematics: At universities, 
mathematics and computer science are often combined in a common department. 
Although historically incorrect, the term computer science is often understood to 
be composed of information + mathematics; the concept of algorithm originally 
comes from mathematics and is important in both disciplines. The GI standards 
(German Informatics Society) for the junior secondary level are modelled on the 
American mathematics standards. The concept of modelling (modelling and im- 
plementation instead of programming) is also found in mathematics. 

From this perspective, it is difficult to clearly distinguish computer science 
from mathematics. In both disciplines, this view focuses on the problem-solving 
process, which essentially has a discipline-specific feature that the problem solu- 
tion represents a formal model. From this (narrow) perception of computer sci- 
ence, Eberle, for example, argued as follows: 


“In this [=in the problem-solving process] a distinction must be made 
between the pure translation of colloquial language into formal notati- 
on (the level can vary) and the anticipatory understanding of temporal 
processes (procedures), in which their variables contents change (e.g., 
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iterations). The latter requires additional cognitive effort and also distin- 
guishes informational thinking from large parts of mathematical thinking 
(at least in relation to mathematics in the senior secondary level) that 
formalises static relationships” (Eberle, 1996, p. 329). 


This reasoning refers to a rather subtle distinction of more static and dynamic 
aspects of algorithms, which distinguish computer science education from ma- 
thematics (see Claus, 1977). 

Accordingly, computer science education, e.g., in the form of the first didac- 
tic approaches (algorithm orientation) and the purely mathematical tradition of 
computer science, was seen as a purposeless “inner-technological” considera- 
tion of the essential conditions of construction without reference to the reality of 
life. However, important aspects such as interaction (cf. “programming or being 
programmed” (Rushkoff, 2010)), reciprocity and co-evolution of action, individual 
and social unfolding and development in interaction with the technical infrastruc- 
ture and its changes were lost. The system-building element was also missing. 
However, computer science - like technology — always raises the following ques- 
tion: How do we want to live? 

Mathematics is neutral, so to speak, with regard to the goal of formalisation 
and mathematisation. Computer science, on the other hand, is always about au- 
tomatic processing, about the (possible) implementation and use - and thus al- 
ways about the referencing back of the solution S > S’ in the figure above: The 
implementation (or more precisely the use of and interaction with) the solution 
in the initial situation, which the latter itself changes. The constructed system 
itself becomes part of the problem situation if it is used there and thus decisively 
changes the initial situation. The mathematical solution can be understood as an 
application in the sense of a descriptive, computer science application that uses 
an informatics system that did not yet exist in this form in the initial situation. 

There are, however, also differences in the purely formal-abstract solution it- 
self - since the physical properties of informatics systems on or with which the 
solution can be executed must be taken into account: Questions about the mem- 
ory space required and time needed for executing the necessary computational 
steps change the character of the solution. 

Furthermore, the construction of a solution is much more than the construc- 
tion of an automatism because the latter must also be able to be used, tested 
and maintained. That is, usability, maintainability play a role - as do extensibility 
and adaptability (terms in italics are criteria for software quality) (see Wikipedia, 
2016a). 

There is another important difference that we consider crucial: In mathemat- 
ics, formal problem-solving is represented “mathematically”, i.e., in the (one) lan- 
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guage of mathematics. Computer science makes use of mathematical expressions 
and representations — but distinguishes itself primarily by constantly developing 
new formal languages and representations that can be executed on automata 
or used to describe them. Interestingly, these languages are often also simple 
graphic notations (cf. Figure 6; for further details: Hubwieser, 2007; Hubwieser & 
Broy, 1997). 
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UML sequence diagram, Finite-state Petri net. Source: (Wikipedia, 
source: (Wikipedia, 2015; automaton, source: 2011; translated from the 
translated from the German) | (Wikipedia, 2007) German) 


Figure 6. Examples for graphical notations 


These languages are often referred to as modelling languages because they are 
used to represent the result of a modelling process and are an intermediate step 
towards the implementation in a more machine-oriented programming language. 


1.5 Computer Science and Computer Science Education 


Now that computer science has been introduced as a discipline and distinguished 
from other sciences, computer science education can be characterised. To do this, 
we first draw on the results of a survey commissioned by the two major computer 
science associations, ACM and Informatics Europe, to clarify the role of computer 
science in education. One result of the report is the affirmation of the following 
distinction between “digital litaracy” (skills in using digital devices) and the intro- 
duction to the science of computer science’?. A similar division is also found in the 
*shut down or restart’ report (The Royal Society, 2012) from the UK. The resulting 


13 Both, “computer science” and “informatics” are commonly used for translating the German word “In- 
formatik”. 
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distinction between computer science, ICT and digital literacy is presented in Sec- 
tion 2.4.1. 

In general, it can be said that almost all general education school curricula 
around the world teach both application skills and concept knowledge. 

Application skills/application knowledge refer to the use of existing systems: 
“Any citizen of a modern country needs the skills to use IT and its devices intel- 
ligently. These skills, the modern complement to traditional language literacy in 
language (reading and writing) and basic mathematics, are called digital literacy” 
(Gander et al., 2013, p. 7). As examples of such skills, the report cites typing, cre- 
ating and revising documents, searching, filing and retrieving data, handling data 
ethically and safely, selecting appropriate IT systems and the like (Gander et al., 
2013, p. 8). Distinct from this are computer science and computer science educa- 
tion with their own topics and content, such as algorithms, data structures and ab- 
straction (Gander et al., 2013, p. 9). The report sees the contributions of computer 
science education in particular in the promotion of creativity, the construction of 
artefacts, dealing with complexity and accuracy (Gander et al., 2013, p. 13). Inthe 
following, we will refer to such competencies as computer science competencies. 

In this sense, digital education would be a juxtaposition of digital literacy and 
computer science education. This strict separation between user skills, on the one 
hand, and computer science education, on the other, has various causes. One of 
them is certainly the fear mentioned in the report of reducing computer science 
education to handling skills. Another reason is the desire to tie this new field of 
education to the - still quite young - academic discipline. In the German-speak- 
ing world, this is often linked to the statement that the discipline is called “In- 
formatik” and not “Computerwissenschaft” (the “science about computers”), and 
thus has little or nothing to do with the artefact called computer. 

Mittermeir argues, for example: “Informatik (computer science) is an artificial 
word composed of the fusion of information and automatic. The root word comput- 
er does not occur here. This means, that ‘Informatik’, although a technical subject, 
should not be a device-specific subject” (Mittermeir, 2010, p. 72). It is problem- 
atic if computer science education is reduced to the use of computers, giving a 
distorted image of the discipline (Mittermeir, 2010, p. 55). Computer science is 
“not really about the computer, but about constructed (i.e., technical) systems 
that allow data (in the broadest sense) to be interpreted in such a way that actions 
are triggered” (Mittermeir, 2010, p. 57). 

Rechenberg disagrees with this view: It has been shown that “computer sci- 
ence is not concerned with information processes in society and nature”. There- 
fore, one must “insist that computer science today is the science and technology 
of computers and their application, i.e., computer science” (Rechenberg, 2010, 
p. 47). Interestingly, however, the curricular proposals of the two are more similar 


A Goal Dimensions of Computer Science Education 


than different. Brandhofer notes that it is no coincidence that the strict separation 
of computer science and computer (application) is hardly observed in practice and 
in curriculum discussions (Brandhofer, 2014, p. 3). 

In our opinion, it makes more sense to start from the connection between 
the two supposedly separate areas. One way of doing this has been suggested 
by Puhlmann and Humbert. They start from phenomena in computer science and 
describe them in three categories (Humbert & Puhlmann, 2004): 


1. Phenomena that are directly related to informatics systems: They occur during 
use and can contribute to making the application of the system easier, more 
efficient or even more enjoyable. 

2. Phenomena that are indirectly related to informatics systems: They are not im- 
mediately recognisable, but only become apparent or perceptible during the 
analysis of the interaction with the system. 

3. Phenomena that are independent of informatics systems: They are independ- 
ent of digital systems and are characterised by having an inherent computer 
science structure and/or suggesting computer science thinking. Examples are 
phenomena in which search and sorting processes play a role. 


In Humbert & Puhlmann, the use of or interaction with informatics systems is pri- 
marily intended as a trigger or pathway to the perception of computer science 
phenomena, which should subsequently be the focus of learning processes. Ho- 
wever, both also write that the relevance or educational value lie precisely in the 
reference back to or in the application to the interaction. This approach leaves 
the question of whether ‘Informatik’ can or should be understood as a computer 
science. Accordingly, the authors define ‘Informatik’ somewhat vaguely as “the 
scientific discipline addressing the construction and design of informatics sys- 
tems” (Humbert & Puhlmann, 2004). 

Interesting in this expert document is the demonstrated relationship between 
computer science education and “application skills”. The positive effect on skills 
in using informatics systems is repeatedly cited as a goal and rationale for com- 
puter science education (e.g., in Brandhofer, 2014; Gander et al., 2013; Hum- 
bert & Puhlmann, 2004; Mittermeir, 2010) - but this relationship is (mostly) seen 
only in one direction: While concepts and phenomena of computer science con- 
tribute to application skills, it is sometimes (implicitly) assumed that application 
itself is not part of computer science as a discipline. Therefore, application skills 
are not part of computer science or computer science education. 

However, the seemingly simple and unambiguous separation between de- 
signing/constructing as a part of computer science, on the one hand, and the 
application as non-computer science, on the other, is not so clear or simple at 
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all (Crutzen, 2000). Fischer et 
al. call for a corresponding re- 
thinking in software technology, 
a meta-design that allows users 
to become designers, who par- 
ticipate in the adaptation, mod- 
ification and further develop- 
ment of a digital artefact over its 
entire lifetime by (being able to) 
adapt(ing) and extend(ing) the 
respective artefact to their own 
needs - in other words, allowing 


the users themselves to become 
designers (Fischer, Giaccardi, Ye, Sutcliffe & Mehandjiev, 2004). Allin all, the pos- 
tulated separation of “design-time” and “user-time” is becoming more and more 
obsolete (Maceli & Atwood, 2011). This applies not only to the (original) users, 
but also to the constructors: in the process of system design and development, 
it is also part of the tasks to examine already existing systems and to be able to 
competently apply the constantly evolving tools to support the various aspects 
of software development. Formulated in Crutzen’s terms: applying and using is 
thus also an integral part of developing, i.e., of the core of computer science. In 
this perspective, using or interacting with digital artefacts takes on a new mean- 
ing that is fundamentally different from the idea of using tools that have been 
completed by others: Getting to know, familiarising, configuring and, above all, 
adapting, adjusting and extending are all part of interaction. And it also forms an 
integral part of construction, since this is not possible without the use of tools. 

This leads to another important aspect, interaction includes exploration: Ana- 
lysing and exploring digital artefacts with the goal of understanding them. Under- 
standing includes being able to assess the possibilities and limits for adaptation 
and further development. And that, in turn, is not possible without reflection (e.g., 
with regard to the intended use and possible side effects) and evaluation. ‘Un- 
derstanding’ here means in particular understanding the mode of construction 
because this is changed by the extension of the artefact. 

Even if specific constructions and modes of construction are subject to con- 
stant further development, there is still a fairly stable core of computer science 
concepts that become visible or are anchored in these specific technologies and 
that can be taught. These can be called the ‘fundamental ideas’ of computer sci- 
ence (see Schubert & Schwill, 2011). 

The concept of computational thinking has a different focus (Wing, 2006, 
2008): It builds on computer science’s knowledge of information-processing ac- 
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tivities and uses computer science’s techniques, models, concepts and tools for 
problem-solving thinking. At its core, Wing sees abstraction, and thinking in dif- 
ferent layers of abstraction’*. The aim here is to distinguish between what is need- 
ed to solve a problem and what can be left out. Complex problems are thereby bro- 
ken down into parts and layers, so that a part can fall back on another or one layer 
on another. Thus, for example, an application programmer does not (always) need 
to know exactly how a command was programmed internally to use it. This has two 
important facets: First, sometimes the details of how something works internally 
matter — always when it comes to constraints, such as how much memory some- 
thing requires and whether or not the available memory is sufficient. According to 
Wing, computational thinking is also about keeping an eye on the relationships 
between the levels of abstraction. 

Fortunately, this thinking in abstractions can be supported by automation. 
Computing means “automation of abstraction” (Wing, 2008). Computational 
thinking deals with the question how a computer can solve a problem for me - for 
the answer or a good answer, the right abstractions and the appropriate “comput- 
er” must be chosen (Wing, 2008). It is important to note that “computer” in this 
context does not necessarily have to be a machine but can also be a human doing 
the “calculation” (Wing, 2008). 

Allin all, computational thinking is thus not just an approach or a way only 
of thinking, but an approach to dealing with problems that make use of computer 
science concepts and knowledge. 

It is difficult to operationalise what exactly constitutes this computer science 
thinking at its core (National Research Council (U.S.) & Committee for the Work- 
shops on Computational Thinking, 2010, 2011). In any case, it involves the ap- 
plication of concepts of computer science for problem-solving or in everyday life. 

The suitable concepts of computer science can be derived - at least in part - 
from the development history of computer science education, provided that one 
can assume that the previous subject didactic concepts are not completely off 
the mark. In the early days of computer science education, there was - following 
the lines of tradition in computer science - the predominant mathematical or al- 
gorithm-oriented view of Turing machines**, which is certainly also an essential 
foundation and which (has) concentrates(d) on the core area of algorithms. How- 
ever, this was replaced quite early (late 1970s, early 1980s) by application orien- 
tation that sought to place not only algorithms but the significance of algorithms 
and automation for socially relevant areas at the centre of learning processes. 


14 Onthe term of abstraction, see above Figure 3, p. 48. 
15 A Turing machine is a universal automaton model proposed by the mathematician Alan Turing in 
1936, which describes the functioning of a computer in a simple and thus easily analysable way. 
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This approach aimed to reconcile the mathematical view of the scientific disci- 
pline with the view of societal impact (Schulte, 2001). In school practice in aca- 
demic secondary school lessons, this approach is still widespread (presumably 
because, to our knowledge, there is no empirical research on this). 

Separate from this, partly due to political decisions (van Liick, 1986), was the 
introduction to the use of digital systems as basic computer science education, 
which was primarily geared towards application and use and, like computer sci- 
ence lessons, was intended in part to address the interactions between computer 
science and society. 

Since then, the introduction to the use of digital systems in the school con- 
text has partly been experienced and understood as the opposite of computer sci- 
ence education: as pure user training that introduces the use of predetermined 
interaction paths. Under the title “Program or be programmed”, Douglas Rushkoff 
(Rushkoff, 2010) describes this perspective, and at the same time an alternative: 
Either people adapt to these predetermined paths or they learn to design these 
interaction paths themselves. 

In international comparison, computer science curricula often include the 
area of application/interaction. We have therefore decided to include this area 
as well, with the following emphasis: Interaction paths are designed by people 
and are thus also changeable. Even a ‘normal’ or ’simple’ child-aged user, does 
not only have to follow the predetermined paths, but can and should also help to 
shape them (Gesellschaft fiir Didaktik des Sachunterrichts, 2013, p. 63). So for 
us, interaction does not mean “being programmed” but rather an introduction to 
active co-creation. 

Before co-creating by changing the digital artefact, this competence also in- 
cludes perceiving and recognising the (possibly different) interaction paths (e.g., 
for a task solution). 

What is decisive for our perspective here is: Digital artefacts are man-made 
artefacts. Therefore, education can only succeed if the artificial, man-made ele- 
ment is taken into account. Children should realise at an early age that the digital 
world can and should be oriented towards human needs. They should understand 
its purpose-related nature to such an extent that they can judge whether the func- 
tions meet these needs or should be changed. They should experience themselves 
in the role of the constructor and be able to creatively help shape the digital world! 

However, self-construction (or designing, changing, adapting...) presuppos- 
es that (some) basic computer science principles are known and that the users 
can assess, estimate and evaluate the relevance of their own construction and 
adaptation for their future actions. Even if they do not yet know any methods that 
allow them to familiarise themselves with a system in order to change it, children 
can already develop an understanding that these systems can in principle be de- 
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signed: There are various approaches and systems with which children can be ac- 
tively involved in the design (cf. sections 2.3.2, 2.3.3 and the examples in Chapter 
5). If computer science education lays the foundation for this at an early stage, we 
believe it has fulfilled its mission to educate children of pre-school and primary 
school age to become mature and able to participate, also in the digital world. 

In the following, we outline the process of constructing and exploring, as well 
as their interrelationship, based on the “inquiry cycle” method of the “Haus der 
kleinen Forscher” Foundation (HdkF, 2013a; Kramer & Rabe-Kleberg, 2011). The 
exploration cycle precedes the designing cycle - but designs that start directly 
without an example are also imaginable. 

The two cycles alternate between two perspectives, which are explained by 
colours: Red refers to the construction or structure, green to the purpose or func- 
tion. This duality is described in different variants and formulations in the didac- 
tics of computer science. 

In the approach “Computer science in Context”, the context can be seen, 
above all, as a reference to the benefit - the possibilities of use. Then, in the 
course of the lessons, decontextualisation takes place, in which the technical or 
inner perspective (red) is adopted. At the end, both are linked by recontextualis- 
ation (Koubek, Schulte, Schulze & Witten, 2009). 

Peer Stechert developed a concept for “systematic exploration of the behav- 
iour of computer science systems”. In the sense of the black box principle, the 
externally visible behaviour (green) can be systematically analysed and finally the 
interplay of the externally visible behaviour with the internal structure (red) can 
be explored - in this step, the system is then analysed as a white box or glass box 
(Stechert, 2009). 

The deconstruction of informatics systems (Magenheim, 2000) also starts 
from the analysis of “finished” informatics systems (IS). The crucial point is that 
various aspects of the IS can only be understood if the original design decisions 
of the developer are known. Certain features may be accidental or by-products, 
while others are deliberate design decisions or interpretations of the developers 
about the purpose of the system. However, since these can no longer be clear- 
ly reconstructed, they have to be recreated based on the existing traces. In this 
respect, it is more an interpretation than an analysis. This refers to the different 
views and materials that can be achieved: user interface, source code and source 
code comments, user manuals, developer documentation etc. So, in a sense, de- 
construction attempts to derive the associated purposes and intentions from the 
documentation of the inner construction (red), e.g., the source code (green), and 
to expand the IS on this basis if necessary. 

Duality reconstruction attempts to directly link the two areas red and green, 
i.e., inner structure and construction (red) and purpose, intention, use (green) 
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(Schulte, 2008b). One method 
is experimentation (Schulte, 
2012). 

Using a robotics experi- 
ment, Mioduser describes the 
presence of these two perspec- 
tives in 4-5 as well as 6-7-year- 
old children. He calls Str (red) 
the technical perspective and 
Fkt (green) the psychological 
perspective. In the psychological 
perspective, the children explain 


the robot’s behaviour with psy- 
chological categories, such as will, intention or personality - in the technological 
perspective, they explain the behaviour with causal cause-effect descriptions and 
rules or rule-governed behaviour (see Levy & Mioduser, 2008). 


1.5.1 Exploration 
Exploration of a given artefact (dA for digital artefact) or informatics system (IS) 
is similar to experimentation and thus somewhat similar to the inquiry cycle of 
the natural sciences. Here, the aim is to increasingly explore the internal struc- 
ture, the individual components and their mechanisms of action on the basis of 
the externally perceivable function or intended use or on the basis of the use of 
the system - i.e., from the perspective of the user (see Figure 7 in this section). 
Through purely external observation, this can only be done to a certain extent, but 
most aspects of the user interface are designed to reflect the inner system states 
or aspects of them. The point is to draw the attention away from the task (writing a 
text, making the robot drive, taking a photo) to the technical implementation (text 
is not stored pictorially, but by characters and meta-characters that describe how 
the text looks on the screen...). 

For this purpose, as shown in the figure, exploration can be carried out as 
a process with different steps, whereby attention is increasingly drawn from the 
function of the dA (shown in green) to the structure (one could also say to the 
mode of action or the principles of action). These aspects are marked in red. Allin 
all, the aim is to achieve a connection between the function and mode of action, 
i.e., a balance between the two colours - only in this way can one understand 
that the mechanisms of action were not simply constructed in this way, but in 
relation to the intended use. Figure 8 shows the issues of the individual steps in 
more detail. Here, the reference to the Process Domains explained in the following 
chapters is already established. 
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One tool for this is the representation with suitable expressions. Computer sci- 
ence has developed various expressions and graphical modelling languages for 
the representation of informatics systems or individual aspects of informatics sys- 
tems, which can be implemented here (cf. Figure 6 in this section, and in detail at 


Hubwieser, 2007). 


Exploration cycle 


Figure 7. The exploration cycle for the investigation of digital artefacts (apps, digital camera, 
robot, text processing software, ...) 
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1.5.2 Constructing 

In computer science, constructing refers to the creation of a digital artefact or an 
informatics system. The different steps basically start with the question of what is 
needed, and then the consideration of what has to be constructed to achieve this 
(cf. Figure 10). The steps are even more interlinked than in exploration, so that 
cycles, regressions, i.e., step-by-step approximation to the desired solution, are 
natural processes here. In addition to constructing a completely new system, it is 
also possible to build on the basis of an existing informatics system, which may 
need to be explored first. In the construction process, there can be local cycles, so 
to speak, both in the analysis of the required functions and in the design of partial 
solutions. In these local cycles, sub-problems are then processed one after the 
other (cf. Figure 9). Figure 10 shows the individual steps of a design cycle in detail. 


í 
i 
i 
i 
i «What are the functions? : 
i «How do dA / IS perform 
{ their function? 

| eWhat are the impo: 
! parts / tasks? 


structure 1 


Design cycle 


Figure 9. The design cycle for the construction of digital artefacts 
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1.6 The Relationship of Computer Science 
Education, Media Education & Digital Education 


In the early discussions about computer science in education, computers (for 
computing - calculating) were often referred to as calculators; as we saw in the 
previous section, with close links to mathematics. However, computers were in- 
creasingly used in a wide variety of fields, including education, commerce, manu- 
facturing, science, the military, health care or politics (see Magenheim & Schulte, 
2006) - and as a result, the applications and effects of, as well as the view on com- 
puters changed. After a debate as to whether computers should be seen primarily 
as computers or rather as tools, instruments or media, the perspective changed 
at least to the extent that digital artefacts are now seen as interactive “media” in 
personal use and also mostly as networked online media. 

With regard to the use of digital artefacts as “personal media”, Keil charac- 
terises the “computer as a medium - media as a thinking tool of the mind”. He 
states: 


“The view of the computer as an automaton that executes processes wi- 
thout human intervention, and the view of the computer as a tool, which, 
especially in interactive terms, gives the users scope for action and deci- 
sion-making in structuring the process, is juxtaposed by Coy 1995 with 
the hitherto uncommon view of the computer as a medium. The support 
of distributed cooperative work processes was no longer compatible with 
the view of the tool, or could not be sufficiently justified with it, becau- 
se: ‘Networked cooperation is the basis of modern forms of production, 
based on the division of labour and is technically supported accordingly 
by networked computers: The computer becomes a medium. (Coy 1995a, 
36)” (Keil, 2012, p. 147). 


These interactive media are thinking tools, since they enable feedback and thus 
the experience of difference. For example, by representing a calculation process, 
it can be perceived and checked for differences from the actual intended result: 
written thinking is thus more powerful than mental arithmetic. This support turns 
digital artefacts as personal media into thinking tools. 

Computer scientist and thought leader Alan Kay goes so far as to consider 
digital artefacts as media through their combination of interaction and automated 
processing as a new form of cultural expression that replaces the book age. 

In 1977, Goldberg and Kay described their idea of the Dynabook as follows: A 
device the size of a notebook 
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“which could be owned by everyone and could have the power to handle 
virtually all of its owner’s information-related needs. Towards this goal we 
have designed and built a communications system: the Smalltalk langua- 
ge, implemented on small computers we refer to as ‘interim Dynabooks.’ 
We are exploring the use of this system as a programming and problem 
solving tool; as an interactive memory for the storage and manipulation 
of data; as a text editor; and as a medium for expression through drawi- 
ng, painting, animating pictures, and composing and generating music”. 
(Kay & Goldberg, 1977, p. 1) 


The Dynabook idea expresses exactly what Keil calls a thinking tool: An interac- 
tive tool for making and expressing thoughts. Expressing mainly in dynamic and 
interactive form. These media are thus not written nor programmed (in the sense 
of coded) in the conventional sense, but generated by an equally interactive tool 
in a heuristic writing and programming process. This creates a new form of media 
expression that only those who can programme know how to use. Kay and Gold- 
berg have developed Squeak for this purpose, possibly the first object-oriented 
programming language. 

The production of expressions is thus dependent on media in two ways: First, 
on media for dissemination and transport. Secondly, however, also for the inter- 
active creation process. Media action is thus often, or even always, product-de- 
pendent and takes place, for example, in social networks: that is, in digital infra- 
structures provided by commercial companies. Media education points this out 
and likes to link this with the argument that a purely ‘technical’ view of this digital 
world is therefore not sufficient. 


Döbeli summarises this discussion in the following figure: 


Curriculum 21: 
Module “Media & Public perception: “Computer 
Computer Science“ science in schools“ 


Computer science education Media education 


Figure 11. Different ways of conceptualising the connection between (a)pplication of IT 
()nformatics and (m)edia education (according to https://beat.doebe.li/talks/bern15/) 
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In the public perception, therefore, the applications are in the foreground: The 
efficient and effective use of digital artefacts or of computer science and commu- 
nication technologies. From the perspective of computer science education, the 
focus is on computer science: Understanding the “basic concepts of automated 
information processing”, using the basic concepts to solve problems and to un- 
derstand information society. From a media education perspective, the focus is on 
media: Producing digital content, critical reflection of “use, meaning and effect” 
(according to: https://beat.doebe.li/talks/bern15/sld009.htm; Cf. also Döbeli 
Honegger, 2016). 

The idea behind Figure 11 is to show that from the respective disciplinary 
perspective, the respective “own” cycle is seen as constitutive for the consid- 
eration of the other cycles. This is linked to the assumption that the respective 
“embedded” topics or competencies (from the other areas) are simply acquired 
along the way. In contrast, as with the attempt in Switzerland with curriculum 21 
(Deutschschweizer Erziehungsdirektoren-Konferenz, 2016), it seems to make 
more sense to consider the areas more on an equal footing. 

There are also attempts to argue less from one’s own disciplinary point of 
view and instead describe competencies for the digital world in general or over- 
arching terms: In 2010, an expert group of computer scientists and media scien- 
tists (commissioned by the Federal Ministry of Education and Research, BMBF) 
described competencies for the digital world. These are divided into four subject 
and topic areas: 


1. Information and knowledge 

2. Communication and cooperation 

3. Search for identity and orientation 

4. Digital realities and productive action 


The individual competencies are then described quite abstractly without direct re- 
ference to the discipline. A competence in the field of information and knowledge 
is defined as follows: “understanding the production and dissemination of infor- 
mation and its exploitation as interactive processes and participating in an ad- 
dressee-appropriate, situation-related and responsible manner” (Deutschschwei- 
zer Erziehungsdirektoren-Konferenz, 2016, p. 9). 

Current approaches are looking for ways to reconcile the different aspects or 
views so that they can be fruitfully related to each other in educational processes. 
On the one hand, they aim to prevent what is often perceived as a pointless intro- 
duction to inner-technical principles of action without reference to the life-world 
and, on the other hand, to avoid operational training that only enables the use 
and thus adaptation of individual possibilities of action to given digital-technical 
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systems. In this way, the socio-cultural perspective in particular should also be 
strengthened: 


Technological perspective: 
How does it work? 


Socio-cultural perspective: 
What are the effects? 


User-oriented perspective: 
How do | use it? 


Figure 12. The Dagstuhl triangle: Insight perspectives on the digital world (Brinda et al., 
2016, english version by Beat Débeli Honegger and Renate Salzmann) 


The Dagstuhl manifesto describes three perspectives in the following terms: 


m The technological perspective questions and evaluates the functioning of 
systems that make up the digital world. It provides answers to questions 
about the operating principles of systems and answers to questions about 
their possibilities for expansion and design. It explains various phenomena 
with ever-recurring concepts. In doing so, it teaches basic problem-solving 
strategies and methods. It thus creates the technological foundations and 
background knowledge for co-shaping the digital world. 


m The social-cultural perspective examines the interactions of the digital world 
with the individual and society. For example, it explores the questions: How 
do digital media affect the individual and society, how can one assess infor- 
mation, develop one’s own points of view and influence social and techno- 
logical developments? How can society and the individual help shape digital 
culture and cultivation? 


m The application-oriented perspective focusses on targeted selection of sys- 
tems and their effective and efficient use for the implementation of individual 
and cooperative projects. It addresses questions of how and why tools are se- 
lected and used. This requires an orientation about the existing possibilities 
and functional scopes of common tools in the respective application domain 
and their safe handling. 
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Following this manifesto, we present a model here that unfolds the perspectives 
shown in the Dagstuhl triangle. In this context, it is important that the individual 
perspectives intertwine. We also assume the digital, networked world in which 
children grow up today. The primary perspective for us is the technological one 
and thus the question: “How does this work?” Nevertheless, the other two per- 
spectives on this issue of the digital world are equally important. 


1.7 Conclusion: Computer Science Education for all 


In accordance with the educational plans for the elementary sector and the curric- 
ula or the competence standards for social studies and science in primary educa- 
tion inthe sense of basic education (Gesellschaft für Didaktik des Sachunterrichts, 
2013, p. 9), we see the central task of computer science education in supporting 
children in “understanding the reality of their lives factually, in opening it up on 
this basis in an educationally effective way and in orienting themselves, partici- 
pating and acting in it” (Gesellschaft für Didaktik des Sachunterrichts, 2013). 

This is specifically about orientation in and understanding ofthe digital world, 
which is an essential part ofthe reality of children's lives today and in the future. 
It is also about getting to know new possibilities of expression and being able to 
participate creatively, participatively and responsibly in the further development 
of this digital world. 

Within the framework of the educational goals for the elementary and pri- 
mary level, we are essentially guided by the standards for the junior secondary 
level (GI - Gesellschaft für Informatik e.V., 2008) proposed by the Gesellschaft für 
Informatik (German Computer Science Society), which also essentially feature the 
three perspectives explicated in the Dagstuhl triangle. However, we will extend 
these standards by one aspect: Interaction and exploration as a new process (PO). 
This is about application competencies, but not solely to the ability to use given 
specific systems. Rather, it is about the ability to familiarise oneself with unknown 
systems, to have general user competencies and to be able to apply them exactly, 
as well as to be able to think about interaction possibilities and consequences in 
an age-appropriate way. It includes aspects of reflecting, assessing and evaluat- 
ing interaction possibilities and aims directly at the aforementioned general prin- 
ciples and participation possibilities in the digital world, as well as strengthening 
independence. 

Allin all, we thus want to include interaction and exploration as a separate 
area of competence. In contrast to application skills/digital literacy, which refers 
exclusively to the competent use of existing technological devices of the current 
generation (just as reading and writing refer to the currently existing national lan- 
guage and the current spelling rules), this is defined in an expanded understand- 
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ing as a competence to explore and become aware of the underlying concepts and 
intentions of computer science. Exploring here means not only free play but also 
exploration guided by work assignments with the aim of “grasping” the systems, 
i.e., developing initial approaches to understand how they work (cf. sections 3.3.2 
and 4.3.2, where the Process Domain is explained and discussed in more detail). 
Dealing with a digital artefact is thus only the base level of this area of compe- 
tence. The focus is on system exploration, exploration through goal-directed in- 
teraction, which aims at understanding and acquiring and in particular includes 
aspects of adaptation and design in the sense of end-user design. 

Computer science makes it possible to open up different ways of looking at 
a computer system or a digital artefact. For example, the concept of an automa- 
ton from theoretical computer science: A model that describes the functioning of 
digital artefacts as a set of fixed states that can be switched inbetween. However, 
these states do not all have to be displayed directly on the user interface. How- 
ever, a corresponding change of state can be initiated and the meaning or effect 
investigated through targeted exploration. 

Interaction as a competence refers not only to the operation of the system but 
also to exploring and reflecting on the meaning of the interaction. This meaning 
can go beyond the individual user and the individual use case and refer to a group 
of people, on a simple level e.g., in choosing a tool for one's toddler group. 

It is open to what extent this is directly possible with children. However, they 
should not only learn to deal specifically with a digital artefact but also to confi- 
dently master general and transferable strategies for exploring an unknown sys- 
tem, while also thinking about its possibilities, limits and effects. An important 
aspect of this “exploratory competence” is the insight that most artefacts allow 
for adaptation and adjustment in relation to one's own wishes, i.e., they can be 
designed by oneself. This then leads to the possibility of being able to make these 
adjustments and to have the confidence to do so. It can be done through config- 
uration, parametrisation and even smaller programming activities in the sense 
of end-user programming. In doing so, children can also realise that computer 
science is not only interaction, i.e., dealing with a system, but that it also involves 
designing and realising the interaction possibilities. This kind of programming 
competence is not only expedient for (professional) software developers but for 
all users of digital systems. 
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2 Foundation of Goals on the Children’s Level 


For the foundation of the goal of computer science teaching, the research situa- 
tion and the experiences in the contexts of competence acquisition in the field of 
computer science are used. Based on the children’s daily experiences with infor- 
matics systems, we will first look at the initial situation in Section 2.1, i.e., we will 
try to find out on the basis of studies if and how children are already using digital 
media, have gathered corresponding experiences, and where computer science 
education should start accordingly. In the following, we discuss the research sit- 
uation with regard to the basic principles of learning psychology: What are the 
prerequisites for successful competence acquisition and how does interest in 
computer science develop? Section 2.3, outlines and systematises existing ap- 
proaches to computer science education. The chapter concludes with a compari- 
son of international curricula on computer science education and its classification 
in the chosen competence model. 


2.1 Children in Digital Worlds 


2.1.1 Usage Experience 
Children today gain experience with various digital artefacts, such as computers, 
tablets or smartphones at an early age: They observe how adults or other children 
use these devices, and they also use them themselves. The research on the ex- 
perience of use of digital artefacts by children and toddlers has only just begun. 
However, the current studies do not take a computer science perspective but rath- 
er examine the experiences of users with regard to media education and media 
pedagogical aspects, and also with regard to the opportunities and dangers the 
digital world poses for children. 
Since regular use of digital 
artefacts is not yet commonplace 
in schools and child-care cen- 
tres, the responsibility for such 
usage experiences of children 
lies largely with parents or legal 
guardians. As the DIVSI U9 study 
has shown, the influence in this 
context depends on the perspec- 
tives and attitudes of parents, 
who differ significantly in their 
approach to and beliefs about 
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the digital world, depending on their milieu (DIVSI, 2015). Chaudron’s study 
comes to similar conclusions: According to this, children’s usage experiences 
are “shaped partly by their parents’ beliefs, values and ethno-theories” (Chaud- 
ron, 2015, p. 42). Here, it cannot be assumed that education-oriented homes are 
particularly predestined for frequent and high-quality usage experiences among 
children. On the contrary: These parents in particular are unsettled and worried 
by the negative and dramatised media coverage, especially with regard to data 
protection and privacy. In contrast, parents from more educationally disengaged 
backgrounds often see no need to actively intervene in their children’s use of dig- 
ital artefacts or to exert a regulatory or educational influence (Chaudron, 2015). 

The use itself often takes place in isolation and unobserved - unlike most 
other child activities, which are much more often carried out together with the 
parents, siblings or other family members: 


“New (online) technologies were not perceived as an integral part of 
shared family life in most families. Rather, engaging with a digital device 
was considered as an individual activity, unlike offline family activities 
such as going to the park or playing a board game” (Chaudron, 2015, 
p. 28). 


Chaudron also makes the point that many parents overestimate their children’s 
‘digital skills’ while underestimating the amount of time their children spend with 
digital artefacts. The associated assumption seems plausible: “This might be 
because so much digital use was to fill time when the parent was otherwise en- 
gaged“ (Chaudron, 2015, p. 30). Children often gain access to artefacts precisely 
when their guardians are distracted, i.e., to bridge the children’s waiting time and 
keep the child occupied when the guardians do not have time. 

The extent to which parents grant their children use of digital artefacts or 
monitor such use certainly also depends on their own technical knowledge and 
skills. In basic studies on media use by children and adolescents conducted by the 
Medienpädagogischer Forschungsverbund Südwest (Media Education Research 
Network Südwest)?° (MPFS - Medienpädagogischer Forschungsverbund Südwest, 
2014a), setting up protective measures or access restrictions to online offers (fil- 
ter parental control, limitation of usage times by software, router settings, pre-se- 
lection and installation of apps suitable for children on smartphones and other 
artefacts, etc.) is discussed - usually as the only example of specific technical 
or, in the broadest sense, computer science knowledge. In some cases, parents’ 


16 The results of regular studies (JIM study, KIM study miniKIM and FIM study) are published on https:// 
www.mpfs.de. 
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quite justified fears have so far often led to little consequence in terms of their ac- 
tions or behaviour (MPFS - Medienpädagogischer Forschungsverbund Südwest, 
2014a, p. 73). Allin all, the studies portray a picture according to which parents 
are rather overburdened with the shaping of children’s usage experiences or the 
shaping of children’s socialisation in the digital world (although with great differ- 
ences depending on the milieu). It is partly recommended that child-care centres 
and schools should take a pro-active approach in order to help parents and also 
to intervene in a pedagogical and educational way themselves. 

Currently available studies that examine the experience and behaviour of 
(young) children in the digital world paint a relatively uniform picture of user ex- 
periences in dealing with the “computer”: The 2014 miniKim study states: “Com- 
puters and the Internet play a very subordinate role in the everyday lives of two 
to five-year-olds. At 85 percent, the clear majority has not yet had any experience 
with computers. Only every tenth child uses the computer - alone or together with 
the parents — at least once a week. In this case, almost twice as many boys (13%) 
as girls (7%) use the PC at least once a week. Among four- to five-year-olds, one in 
four children (24%) have had experience with computers, while computer use is 
the absolute exception among two- to three-year-olds (6%) (MPFS - Medienpäd- 
agogischer Forschungsverbund Siidwest, 2014b, p. 23). However, when taking 
into account that smartphones, tablets and other digital media are increasingly 
being used instead of “personal computers”, the picture changes. For example, 
the DIVSI U9 study shows that 23 percent of 3-year-old children are already using 
smartphones and, from the parents’ point of view, are “quite adept and intuitive 
in learning to operate end devices with touch screens” (DIVSI, 2015). A further 
significant increase of early use of digital media by children can be expected in 
the future. Thus, a European comparison in a study of four European countries 
shows: “children under five are heavy users of a number of digital technologies 
at home” (Palaiologou, 2016, p. 2). From an overview of different studies, Palaiol- 
ogou concludes that most three to four-year-old children have acquired a kind 
of early “digital literacy”, which helps them understand and use various digital 
technologies to obtain information and further develop first skills in dealing with 
printed language (“print literature”) (Palaiologou, 2016, p. 6). 

According to Plowman et. al., by using digital technologies at home, 
pre-schoolers can learn in four domains (Plowman, Stevenson, Stephen & McPa- 
ke, 2012): 


1. Manual operating skills in the narrower sense (e.g., in handling the mouse or 
gestures on touch screens etc.) although this domain is considered subordi- 
nate. 
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2. Acquisition of knowledge and skills in various domains, such as language and 
mathematics, especially via content in digital toys and media. This is the do- 
main that the gaming industry highlights in its advertising. 

3. Enhancement of social-emotional and cognitive skills, for example, through a 
sense of achievement during use. 

4. Understanding of the role of technology in everyday life through own use and 
observing family members using technology. The authors present a case study 
to show that these learning opportunities depend not so much on the availabil- 
ity of technology at home, but rather on specific family practices and attitudes 
of parents (Plowman et al., 2012, p. 36). This also shows that, for example, 
the socio-economic status of the family is not a general predictor of the type of 
family interaction with technology. 


Rosen et al. asked parents about negative effects. According to the study, in- 
creased “technology use” (TV, Internet, video games) leads to impairments (Rosen 
et al., 2014). On the other hand, Palaiologou states: “Analysis of the qualitative 
data emerging from the interviews suggested that children are ,digitally fluent 
from a very young age‘. One of the key findings was that parents felt that their 
definition of an illiterate person no longer corresponded to the traditional view of 
someone who cannot read and write, but rather was considered as a person who 
cannot learn, unlearn, relearn and use digital technologies as part of their every- 
day lives“ (Palaiologou, 2016, p. 2). 

In a summary, Gutnick et al. conclude that television still remains a lead- 
ing medium (Gutnick et al., 2011; see also MPFS — Medienpädagogischer 
Forschungsverbund Siidwest, 2014a, p. 73). However, they note a change around 
the age of about 8, when children increasingly explore digital and especially mo- 
bile media. Above all, mobile use or mobile media exert the greatest fascination. 
Palaiologou comes to similar conclusions or confirms this conclusion (Palaiolo- 
gou, 2016). 


2.1.2 Children use Different Digital Artefacts Confidently 
According to the miniKim study, children up to the age of five mainly use games. 
“In second place are painting or drawing on the computer, slightly fewer boys 
and girls use a special learning programme. According to the main educators, a 
few of the two to five-year-old computer users already write texts or words on the 
PC” (MPFS - Medienpädagogischer Forschungsverbund Südwest, 2014b, p. 23). 
Palaiologou (2016, p. 11) found similar results. 

The KIM study makes it clear that children aged 6-13 use different offers and 
apps: 
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“The apps that users engage in at least once a week (regardless of where 
they use them) primarily include writing words or texts (50%), while a 
slightly lower proportion (45%) look at photos and/or videos with this in- 
tensity. A quarter paint or draw - girls (30%) more than boys (21%). With 
increasing age, writing (6-7 years: 27%, 8-9 years: 35%, 10-11 years: 
51%, 12-13 years: 66%) and viewing pictures or videos gain impor- 
tance (6-7 years: 31%, 8-9 years: 37%, 10-11 years: 44%, 12-13 years: 
57%), painting and drawing, on the other hand, loses in attractiveness 
(6-7 years: 45%, 8-9 years: 34%, 10-11 years: 20%, 12-13 years: 16%). 
Of those aged ten and older, just under a quarter edit pictures and videos 
at least once a week - girls (27%) somewhat more frequently than boys 
(19%), the older ones more (27%) than the younger ones (19%)” (MPFS — 
Medienpädagogischer Forschungsverbund Südwest, 2014a, p. 34). 


Some studies emphasise that e.g., due to the narrow range and repetitive nature 
of use, the activity observed in each case is carried out competently and confi- 
dently, but this is not an indicator of general competence in use or even an un- 
derstanding of underlying internal processes or of functional principles: The KIM 
study of 2014 states in this respect: 


“When differentiating by age, it becomes clear that children’s techni- 
cal competencies that go beyond playing a DVD, usually do not devel- 
op until the age of ten. One third of eight and nine-year-olds can access 
the Internet independently without difficulty and one in four can print 
something out, but only just under a fifth can download songs to an MP3 
player, while only one in ten is familiar with the filing structure of a com- 
puter. Among ten to eleven-year-olds, most tasks are only mastered by 
every third or fourth child. And even among the oldest children, there 
is a need to catch up in some activities” (MPFS - Medienpädagogischer 
Forschungsverbund Siidwest, 2014a, p. 60). 


However, the initial situation is changing slowly, but steadily: 


“The long-term comparison shows that technical competence has only 
partially increased in recent years, despite the omnipresence of media 
in children’s everyday lives. Compared to 2010, significantly more chil- 
dren can access the Internet independently today. A clear boost in de- 
velopment was observed in the downloading of mobile-phone pictures. 
However, the ability to print things out, download songs to an MP3 player 
or set up a file system has developed just as little in a positive direction 
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as downloading files from the Internet” (MPFS — Medienpädagogischer 
Forschungsverbund Siidwest, 2014a, p. 61). 


2.1.3 Use of Online Offers by Children 

When it comes to, for example, the ability to search for online offers, children (de- 
pending on their age) seem to prefer to follow suggested offers. This “search strat- 
egy” can be called ‘browsing’, when, for example, they watch suggested follow-up 
films on YouTube. 

Online, children mainly use search engines and video portals like YouTube. In 
doing so, they often cannot recognise or distinguish if they are offline or online, 
when watching a video. They also use social apps and services quite often; espe- 
cially WhatsApp. 

In addition, they use Internet search engines, especially Google or fragFINN. 
They tend to use visual suggestions (e.g., on YouTube), instead of typing in search 
terms. Similarly, they can navigate the web, by following visually highlighted 
links, for example. 

Parents often express concern about children being exposed to content that is 
not age-appropriate (MPFS - Medienpädagogischer Forschungsverbund Südwest, 
2014a). Parents and researchers sometimes also express concern about the re- 
sulting digital footprint and privacy protection. 

What is interesting here is that these concerns relate to explicitly created 
data, but not to connection data or metadata. Chaudron also notes that parents 
lack knowledge about online risks (Chaudron, 2015, p. 5). All in all, it seems un- 
clear how to respond to/ how one should respond to children’s “digital footprint” 
through their online use (Chaudron, 2015, p. 7). According to these studies, the 
role of educational institutions in this issue is also unclear. 

Technical solutions are sometimes mentioned for the protection against non 
age-appropriate content or to restrict access times, however not all parents can 
implement them (see Chaudron, 2015, p. 42). 


2.1.4 Summary 

All in all, children (and parents) use digital artefacts confidently. This type of use 
gives the impression that they are generally familiar with the digital world and 
possibly also understand the essential principles and modes of action. Howev- 
er, according to the studies examined, the actual range of use is low, so that the 
observed confident use is also rather a side effect of the milieu-specific (limited) 
perception of the overall available possibilities of use. This applies all the more 
to consequences and effects of interaction that cannot be directly assigned to the 
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WYSIWYG” paradigm. These are then less perceived and remain unconsidered in 
one’s own usage behaviour. Although, for example, concerns about data protec- 
tion and privacy are quite widespread overall, the role of meta-data and connec- 
tion data was not even recognised by the authors of the studies mentioned. 

The increasing popularity of smartphones and tablets with touch controls as 
well as the increasing use of voice commands have already noticeably changed 
children’s usage habits. However, the consequences for this are not mentioned. 
With regard to smartphone-oriented operating systems, however, it can be as- 
sumed that with these, the skills for organising and managing data, for exam- 
ple, are trained less frequently, since the operating systems usually complicate or 
completely prevent access to the file system. This could explain the contradictory 
interpretations mentioned above, e.g., whether children can organise access to 
photos they have taken themselves with their smartphone; e.g., the possibility to 
view photos from the mobile phone on the PC or TV. This is often surprisingly easy 
when photos are shared via commercial cloud services. However, if this private 
data is to be transferred directly without third parties and then be easily retrieva- 
ble, this requires more understanding of technical possibilities and the set-up of 
appropriate operating systems. 

All in all, a wide range of utilisation abilities has been observed. This also 
applies to the parents who can then assist their children more or less helpfully, 
depending on the situation. 


2.2 Foundations of Learning Psychology 


2.2.1 Cognitive Prerequisites 

Computational mindsets and acting in relation to children is a research area that 
has so far been neglected (see Borowski, Diethelm & Mesaros, 2010). Learning 
environments that enable children to develop a basic understanding of how com- 
puters work or even develop creative and design potential, offer initial approach- 
es to making the learning subject of ‘computer science’ accessible to children 
(Borowski & Diethelm, 2009; Borowski et al., 2010). Until a few years ago, howev- 
er, the focus of current efforts for computer science education in childhood was on 
media literacy (Borowski et al., 2010). 

Despite the overall still unsatisfactory research situation, findings from math- 
ematics-related studies (Benz et al., 2017) as well as results from learning and 
developmental psychology can also be used with regard to central computer-sci- 
ence-related competencies. 


17 WYSIWIG: What-You-See-Is-What-You-Get: Users immediately receive the visual result of the interac- 
tion (see also “WYSIWYG”, 2016b) 
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In order to be able to describe the learners’ cognitive prerequisites, a distinction 
is made between novices and experts, which can exist at different age levels (see 
Stern, 2002, p. 29). Child experts can even be cognitively superior to adult nov- 
ices (Stern, 2002). Empirical studies on domain-specific knowledge shows that 
children can perform better on familiar subject matter and produce a more effec- 
tive organisational strategy than adults who are unfamiliar with content (Sodian, 
2002). It is assumed that younger children are often still inferior to older children, 
because they have had less time and opportunity to acquire knowledge and skills 
and that they often fail to solve tasks adequately, only because they still lack the 
necessary domain-specific knowledge (see Sodian, Koerber & Thoermer, 2006). 
Using the ‘football’ example, Schneider, Körkel and Weinert were able to show 
that young children who have domain-specific prior knowledge have an advan- 
tage over both more intelligent and older children in terms of understanding and 
retaining relevant content (Schneider, Körkel & Weinert, 1989). This would have to 
be verified for computer science task examples. 

Based on initial experiences with computer science-related learning environ- 
ments for pre-school and primary school children as well as some study results, 
there are already specific indications that children of pre-school and primary 
school age can acquire computer science-related competencies. With the help of 
study results, Schwill considered to what extent younger children are able to un- 
derstand or apply fundamental ideas of computer science, such as ‘recursion’, the 
‘greedy method’ (successive build-up of partial solutions to the overall solution), 
‘structured breakdown’ and ‘reproduction of hierarchical structures’ (Schwill, 
2001). From his theoretical observations, he concludes that “children as young as 
primary school age can grasp a number of important fundamental ideas in com- 
puter science, provided that the topics are prepared in an age-appropriate way 
and taught in lessons that take into account children’s cognitive structures and 
are supported by actions or real objects” (Schwill, 2001, p. 17). Gibson found that 
even primary school children, who are not literate yet, can learn how to use graph- 
ical algorithms (Gibson, 2012). Understanding algorithms is regarded as central 
for computer science education (see Modrow, 2010; Schwill, 1995). 

In contrast, the authors of a study in which children were asked to solve pro- 
gramming tasks using the graphical programming language “PiktoMir” found that 
children’s understanding of computer science concepts was limited (Rogozhki- 
na & Kushnirenko, 2011). Of the six children under the age of six, only two were 
able to solve all the tasks. The authors conclude that children in this age group 
are not yet capable of adequately understanding computer science concepts. Con- 
sidering the age of the children, the result can indeed be seen in a positive light: 
After all, one third of the under-six-year-olds already manage to complete all tasks 
correctly! It should be investigated whether the result can be improved even more 
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if the children can draw on earlier experiences. Furthermore, the results of such 
studies are closely linked to the programming environment chosen. For example, 
Portelance, Strawhacker and Bers report that children as young as 5 years are able 
to develop algorithms when creating games and animations with the Scratch)r pro- 
gramming environment, which has especially been developed for this age group 
(Portelance, Strawhacker & Bers, 2016). Weintrop and Wilensky thus proved that 
the graphical representation of algorithmic structures has advantages in learning 
compared to the textual representation (Weintrop & Wilensky, 2015). 


2.2.2 Interest in Computer Science 

With regard to the genesis of interest in computer science, primary school chil- 
dren are a promising target group. Children and adolescents are interested in new 
media and future technologies. This can be concluded from studies, such as KIM 
and JIM, which examine which media are used by which children and adolescents 
(MPFS — Medienpädagogischer Forschungsverbund Südwest, 2014a, 2015). The 
rapid increase in the number of media used, even by younger children, shows that 
there is a great deal of interest, at least in terms of the use of media. However, 
it is still largely unknown whether children and young people are also interest- 
ed in the background of computer science. However, the enthusiasm that chil- 
dren show when they see little robots playing football or when they are allowed 
to programme themselves, e.g., in the “Roberta” project, can perhaps be taken 
as a sign that interest can be triggered (Petersen, Theidig, Bördig, Leimbach & 
Flintrop, 2007). 

In a qualitative study, Yardi and Bruckman investigated the perceptions of 
‘computing’ or the attitudes towards computer science among children and ado- 
lescents aged eleven and over in comparison to computer science students (Yardi 
& Bruckman, 2007). They found that among the teenagers surveyed, the prevail- 
ing opinion was that computer science was a boring, remote subject with no con- 
nection to the real world. In contrast, the computer science students were enthu- 
siastic and fascinated by the possibilities: “[...] graduate students described their 
research as exciting, social, and having a direct and meaningful impact on the 
world around them” (Yardi & Bruckman, 2007, p. 39). 


2.3 Access to Computer Science for Children 


As observed in the previous section, research related to computer science educa- 
tion is increasingly targeting adolescents and younger children. In line with this 
research interest, initiatives and projects are emerging that provide in-school and 
out-of-school learning opportunities to engage with computer science. Such of- 
fers pursue three main goals: 
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1. to trigger interest in computer science at an early age 

2. to convey a basic knowledge of phenomena in a world shaped by computer 
science (digital society) 

3. to promote computational thinking 


Different approaches focus on different motivations for dealing with computer sci- 
ence. They differ mainly in whether computer/informatics systems are used as 
tools in the learning process, or whether access is limited to non-computer-sci- 
ence technical learning material (“unplugged”). In terms of computer use, a rough 
distinction can be made between access via software on universal computers (in- 
cluding e.g., tablets) and access via programmable toys, i.e., special computer 
systems for children. Another access is presented, namely out-of-school learning 
places and communities that use computers or unplugged access but take up the 
common, mostly collaborative experience as motivation and guideline of learning. 


2.3.1 Access Without Computer 
Computer science as a discipline offers concepts, methods and ways of working 
that can be found in various forms in teaching-learning materials even without 
direct reference to computer systems. In contrast to many software-based tools for 
introducing computer science, the aim of the so-called “unplugged” materials is 
to help children understand the ideas and strategies underlying problem-solving 
in computer science, thereby explaining the phenomena of the digital world. The 
common feature of all materials/accesses is that no computer is necessary for the 
execution. At the same time, it is made clear in the materials that the computa- 
tional mindset presented comes from everyday thinking (cf. also “computational 
thinking”). Access is mostly playful and action-oriented and aims to reach chil- 
dren and young people of different age groups. In recent years, several books have 
been published that try to reach 
children from toddler age with a 
similar approach. 

In addition to these materi- 
als originating from the context 
of computer science, approaches 
from neighbouring disciplines, 
such as early mathematical edu- 
cation, also promote competen- 
cies that can be assigned to early 
computer science education. 
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CS Unplugged 

The book “Computer Science Unplugged...off-line activities and games for all 
ages”, published in 1998 by the New Zealand computer scientists Bell, Witten and 
Fellows (1998), was the eponym and international pioneer for computer science 
lessons for children without computers. With the activities and games presented 
in the book, the authors mainly target primary school children aged 5 to 12 by 
explaining a wide range of computer science topics using everyday materials such 
as playing cards, string, pens and other household materials. Topics include algo- 
rithms, artificial intelligence, binary numbers, logic circuits, compression, cryp- 
tography, information representation and parallel processing. 

As in demonstrations and hands-on experiments known from the natural 
sciences, the examples can help to demonstrate ideas of computer science in a 
stimulating and entertaining way in a “computer science show” for families (see 
Bell, 1999). In German-speaking countries, the ideas and materials of the CS-Un- 
plugged approach have been picked up and partly advanced, e.g., in the Comput- 
er Science Year in the project “Einstieg Informatik” (Getting started in Computer 
Science), especially targeting children from 5 years of age (Pohl, Kranzdorf & Hein, 
2007). Under the title “Abenteuer Informatik” (Adventure Computer Science), 
Gallenbacher developed a participatory exhibition on computer science where 
grade-3 children could play and understand (see Gallenbacher, 2009). 


Figure 13. An example of CS Unplugged: Sorting by weight using a beam scale: Since 
intuitive sorting, for example, by numbers, is not possible, complex comparison operations 
are explicitly carried out 


In computer science didactics worldwide, CS Unplugged has become one of the 
most popular and influential approaches for a playful introduction to computer 
science without a computer. It is applied in school and out-of-school learning sit- 
uations, and is referred to internationally in computer science curricula and has 
been evaluated in various studies. For example, it was found that younger children 
in particular engage with the ideas and enjoy investigating them further (see Bell, 
Rosamond & Casey, 2012), that CS Unplugged can be used to spark an interest 
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in computer science among fourth graders (Lambert & Guiffre, 2009), and that 
access even helps teachers to convey computer science ideas (Morreale & Join- 
er, 2011). It remains questionable, however, whether CS Unplugged will really 
achieve its long-term goal of motivating children to engage further with computer 
science and change the perception that computers are a tool, but not the centre of 
computer science (Taub, Ben-Ari & Armoni, 2009). 


Examples of computer science in materials for early-childhood education 
Scientific discussions around computer science education in early childhood ed- 
ucation are still very young. Nevertheless, there are already various materials for 
early childhood and primary school education that deal with computer science 
topics. For example, the “Haus der kleinen Forscher” Foundation offers various 
activities that have a clear connection to computer science topics and are also 
partly derived from CS Unplugged (cf. Figure 14). On the one hand, these are ma- 
terials that are thematically directly related to computer science (e.g., “Digitale 
Kommunikation“!® (digital communication)) and, on the other hand, materials 
that describe facts and procedures that are important in other sciences as well 
as in computer science. For example, in the teaching and learning material on 
the topic “Mathematik entdecken: Modelle und Karten - Vom Gegenstand zum 
Symbol” (Discovering mathematics: models and maps - from object to symbol)’, 
there are aspects on computer science modelling and representation of informa- 
tion. In the thematic brochure “Kommst du mit die Zeit entdecken” (come along to 
discover time) (HdkF, 2013b), important computer science topics, namely estima- 
tion effort, efficiency and optimisation are examined and the material on the topic 
of mathematics “Spannende Wiederholungen” (exciting repetitions)? deals, for 
example, with computer science ideas of algorithm and iteration. 

Computer science-related tasks are also available in other learning materials 
for children, e.g., within the context of logical thinking. For example, the book of 
the same name in the “Kindergarten Lernraupe” (kindergarten learning caterpil- 
lar)-series for children from the age of 3 (Wiesner, 2008) is about describing pro- 
cesses (algorithmisation) and recognising the inputs of a processing procedure 
(IPO principle) (cf. Figure 15). 


18 In the thematic brochure “Kannst Du mich verstehen? Die Vielfalt der Kommunikation erkunden und 
erforschen” (Can you understand me? Exploring and investigating the diversity of communication) 
(HdkF, 2014) 

19 Cf. https://www.haus-der-kleinen-forscher.de/fileadmin/Redaktion/6_Experimente/Mathematik/ 
Downloads/MATHE__KARTENSET_6.2014.pdf?pk_campaign=Newsletter%20August%202014&pk_ 
kwd=Karten-Set-Mathe 

20 Cf. http://www.haus-der-kleinen-forscher.de/uploads/tx_hdkfexp/110831_Spannende_Wiederholun- 
gen_Web.pdf 
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In this context, it should be noted that only inadequate research results are 
available in the area of such elementary skills or precursor skills (as they exist for 
mathematics, for example) that can be assigned to computer science. 


Figure 14. CS Unplugged tasks in the materials of “Haus der kleinen Forscher” Foundation: 
Binary numbers (left) and image representation with raster graphics (right) are shown on 
paper (Image source: HdkF, 2014) 


Figure 15. Computer science-related tasks in “Lernraupe” (Learning Caterpillar) (Wiesner, 
2008) 


Children’s literature on computer science 

Only recently has computer science become an explicit topic in children’s liter- 
ature. Books on this subject are mainly available in English-speaking countries. 
“Hello Ruby: Adventures in Coding” (Liukas, 2015, see Figure 16), on the one 
hand, tries to convey computational thinking, while, on the other hand, it aims 
to teach the basics of the structure of informatics systems and programming, as 
well as terms and phenomena of the IT world at the child-care centre level. In ad- 
dition to the age-appropriate story, the book contains various exercises and craft 
materials. “Lift-the-Flap Computers and Coding” (Dickins, Nielsen, Barden & Lam- 
ont, 2015; see Figure 17) is aimed at primary school children and explains the 
structure of hardware, as well as individual computer-related phenomena (pro- 
grammes, binary systems, character coding etc.) in an age-appropriate way. 
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Figure 16. “Hello Ruby” teaches concepts of computer science with a special focus on 
“computational thinking” at the child-care centre level (Liukas, 2015, Image source: http:// 
www. helloruby.com/press) 


[5 : 
= and Coding; 


Bonannia 


Figure 17. Flip-open book “Lift-the-Flap Computers and Coding” 


Bebras for children 

The annual international competition “Informatik-Biber”?! (internationally “Be- 
bras”) has also been offered in Germany since 2016 for children from grade 3. 
Even though this is an online competition, i.e., a computer is used to present the 
tasks and to enter solutions, Bebras is mainly characterised by its puzzle tasks, 
most of which can also be carried out without a computer. In other countries, e.g., 
in Slovakia since 2010, the competition has already been used successfully in 
primary schools for several years (see Gujberova & Kalas, 2013). The competi- 
tion features a collection of age-appropriate, partly interactive computer science 
tasks that must be solved within a few minutes and are intended to convey the 
diversity of computer science, establish the first contact and encourage further 
involvement with computer science (cf. Figure 18). The data collected during the 
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competition could provide interesting research results in the future about the cog- 
nitive performance of children when working on such computer science tasks. 


Which sequence of directions corresponds to the red tour of the 
frog” 


0 
6 
6 
4 


osoo 


4.4 6.6.4.4 
0.0 4,4,2,2 
5,0 0.0,2.2 
0.6 2.4.1.1 
Figure 18. Example of a task from Bebras for primary schools (Gujberova & Kalas, 2013) 


2.3.2 Software-Based Introductions to Programming 

It is often tools that arouse children’s curiosity and interest in computer science. 
Interactivity, direct feedback and extensive design options make informatics sys- 
tems attractive learning media, which in many cases have also been developed for 
computer science teaching. In particular, there are numerous software tools that 
enable children to enter computer science through programming. Kelleher and 
Pausch analyse tools for learning programming and distinguish these with regard 
to two different goals associated with programming: “Teaching systems” help to 
learn programming as correctly as possible (Kelleher & Pausch, 2005). “Empow- 
ering systems” are primarily intended to support learners using programming as a 
creative tool. The tools described hereinafter belong to this second category. They 
are characterised by the fact that the complexity has been reduced in a meaningful 
way, e.g., by using visual building blocks that do not allow syntax errors. 


Background 

Computers were already used in learning contexts as early as the 1960s. Papert 
noted that these applications mainly fall into three areas: (1) Tutorials, in which 
the computer acts as an instructor, (2) software tools, such as calculators, text 
processing or simulations and (3) micro-worlds, which are snippets of reality that 
enable a new kind of learning, only made possible through computer technology 
(Papert, 1987). A large part of the software tools available for the introduction 
into computer science is based on the idea of micro-worlds, which Papert defined 
as a “...subset of reality or a constructed reality whose structure matches that of a 
given cognitive mechanism so as to provide an environment where the latter can 
operate effectively. The concept leads to the project of inventing micro-worlds so 
structured as to allow a human learner to exercise particular powerful ideas or 
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intellectual skills” (Papert, 1980, p. 240). Micro-worlds represent a manageable 
virtual learning space in which children can explore existing virtual objects and 
develop them further within the given possibilities. Programming is understood 
here as an intellectual tool for exploring and understanding often abstract issues. 

With the programming language Logo (Feurzeig, Papert & Lawler, 1970), a 
micro-world for programming was created, for which there are extensive reports 
from the 80s on its use in primary schools (e.g., Hoppe & Löthe, 1984; Ziegen- 
balg, 1985). The aim of Logo was initially not so much to teach computer science, 
but rather an understanding of mathematical and geometric structures in the 
sense of the constructivist learning approach as an extension of the constructiv- 
ist learning theory. Here, Papert emphasises the importance of active learning by 
using specific, personally meaningful objects: “[Learning] happens especially fe- 
licitously in a context where the learner is consciously engaged in constructing a 
public entity, whether it’s a sand castle on the beach or a theory of the universe” 
(Papert & Harel, 1991, p. 1). In contrast to constructivism, it is emphasised that 
knowledge construction not only takes place in the learner’s head but should be 
based on an actual construction process in the real or virtual world (“learning by 
making” instead of “learning by doing”). This advantage for the learner is that the 
resulting product can be tried out, shown, discussed, analysed and also admired, 
and the learner has the opportunity to become “one” with the observed phenom- 
enon, instead of looking at it “from the outside”. With the help of micro-worlds as 
a learning environment on computers, such “learning experiences can take place 
unimpeded of the complexities of the world” (Papert, 1998, p. 66). In this way, mi- 
cro-worlds become “breeding worlds for knowledge” and can serve as a “green- 
house for a particular species of supporting ideas or intellectual structures” (Pa- 
pert, 1982, p. 157). 

Based on the “Logo” model, various other micro-worlds were developed in the 
1980s and 1990s, some of which are still used today in computer science lessons, 
especially in the junior secondary level (e.g., Robot Karol, Kara, Java-Hamster; 
Boles, 2005; Reichert, Nievergelt & Hartmann, 2005). However, the one-dimen- 
sionality of many of these micro-worlds is problematic: It raises a questionable 
image of computer science if programming and informatics are primarily used 
to move ladybirds or robots through mazes to collect various objects. Likewise, 
some micro-worlds violate the underlying ideas: While in constructionist learn- 
ing, learners create personally meaningful products by means of a micro-world, 
the possibilities in many micro-worlds are so limited that it is not a product that 
needs to be created but merely a solution that needs to be found for given, often 
artificial problems. 

Many recently developed tools, such as the Scratch programming environ- 
ment, overcome this shortcoming (see below). When used in lessons, these more 
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recent tools have shown advantages, for example, in motivating learners (see Ruf, 
Mihling & Hubwieser, 2014). 


Scratch/Scratchjr 

A good example for a child-friendly introduction to programming is the Scratch?? 
development environment (cf. Figure 19), which is based on Papert’s ideas and 
mainly implements the following principles: Low Floors, High Ceilings, Wide Walls 
(see Resnick & Silverman, 2005), i.e., even complex, demanding projects should 
be realisable with the lowest possible starting hurdles (step by step) and differ- 
ent interests of children should be addressed. The low starting hurdle is achieved 
through a visual programming language that is largely intuitive and does not allow 
syntax errors — one of the biggest hurdle for programming beginners (see Myers, 
1990). The programmes can be run at any time, so that learners can assess the 
success of their work themselves whenever they wish. 

Compared to older micro-worlds, Scratch enables the implementation of a 
wide variety of multi-media projects: animations, storytelling, games, simula- 
tions and much more. In addition, projects can be shared on an online gallery and 
jointly edited. As such, the developers of Scratch were not so much interested in 
training programmers but rather in enabling children to deal creatively with digital 
media (see Resnick et al., 2009). The approach chosen in Scratch has proven to 
be very successful: Within a very short time, the programming environment was 
used worldwide. 

Following this example, several other programming environments with a sim- 
ilar approach, but sometimes with a different focus, have been developed to help 
children learn programming, for example, by developing apps (e.g., with App In- 
ventor??) or with online brain games (e.g., Blockly*). Since the graphic representa- 
tion of the programming constructs can also offer advantages for more elaborate 
programming, various programming environments modelled on Scratch are cur- 
rently being developed for continuing education and for occasional programmers 
(e.g., Snap”, GP?°). Since 2012, attempts have been made to reach children as 
young as 5 years old with this approach by developing an age-appropriate user 
interface with touch operation and exclusively iconic representation for which 
children do not need any reading skills (Flannery et al., 2013). 


22 http://scratch.mit.edu 

23 http://appinventor.mit.edu 

24 https://blockly-games.appspot.com/ 

25 http://snap.berkeley.edu/ 

26 http://scratch-dach.info/wiki/GP_(Programmiersprache) 
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Figure 19. Visual programming using Scratch building blocks (left) and in Scratch Jr (right) 


Online tutorials 

With the aim of motivating budding programmers while providing the easiest pos- 
sible access, several websites offer collections of instructed activities and learn- 
ing units related to programming that are also of interest to schools (https://code. 
org/, http://start-coding.de/). These brief insights into programming became 
popular through the “Hour of code” campaign, which reached almost 100 million 
people worldwide by 2015 (Wilson, 2015). 


2.3.3 Programmable Toys (Robotics) 
McNerney reports on research conducted by Seymor Papert in the 1970s aimed at 
linking programming with the physical world in order to introduce children to the 
world of computer science (McNerney, 2004). Because primary school children 
were not yet really able to write programming instructions on a keyboard, the logo 
turtle was used prototypically as a drawing robot, and alternative physical ways 
of programming were tested, e.g., with buttons and plug-in cards (see Perlman, 
1976). Since then, research has regularly focused on accessibility via physical ex- 
periences. It has proven to be an advantage to use that direct interaction with 
physical objects because it is easier and therefore less frustrating for children 
(Xie, Antle & Motamedi, 2008). So, it is not surprising that there are increasing at- 
tempts to develop “tangible programming interfaces”, especially for younger chil- 
dren (Brauner, 2009; Leonhardt, 2015). For example, toys are now commercially 
available that can be programmed directly on the device, such as the BeeBot?’. 
Successful advancements of the physical Logo turtle are robotic kits such 
as e.g., LEGO Mindstorms?® or WeDo”, from which further developments for pro- 
grammable, interactive creative kits have recently emerged (e.g., Pico Crickets, 
see Resnick, 2007). What these tools have in common is that they provide a range 
of sensors (e.g., for volume, brightness, distance) whose data can be collected 


27 https://www.b-bot.de/produkte/bee-bots/ 
28 https://www.lego.com/de-de/mindstorms 
29 https://education.lego.com/de-de/products/lego-education-wedo-2-0-set/45300#wedo-20-set 
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and processed via the programming interface to trigger actions, e.g., to control 
motors, LEDs and speakers. 

Against the background of the increasing disappearance of desktop com- 
puters and the omnipresence of computers as so-called embedded systems in 
everyday objects, such tools lend themselves to computer science education as 
exciting and contemporary, because children can use them to discover computer 
technology in everyday life and also design it themselves, e.g., as interactive toys. 
In the following, different examples of robotics kits and programmable toys are 
discussed in more detail. 


LEGO Mindstorms & WeDo 

LEGO Mindstorms have been widely used in computer science classes to specifi- 
cally implement the idea of construction (see Wiesner & Brinda, 2007). They are 
thus used to transfer the idea of micro-worlds from the virtual to the real world. 
What is criticised about the Mindstorms robots is that their construction is very 
complex and therefore difficult for younger children to understand. Based on their 
own experience, Borowski and Diethelm assume that this approach is not yet en- 
tirely suitable for 10-year-old children (Borowski & Diethelm, 2009). Even though 
very different constructions can be built with LEGO Mindstorms, often only robot 
vehicles are used (see Wiesner & Brinda, 2007). In Germany, LEGO Mindstorms 
are probably among the most widespread programmable robots and are used ex- 
tensively in both school and non-school settings (Hartmann & Schecker, 2005; 
Leonhardt, 2015). 

Asimple version of the LEGO Mindstorms system is LEGO WeDo, recommend- 
ed for children from the age of 7. So far, there are only a few reports on its use. 
Working with third graders, Mayerova observed that the children were basically 
able to solve the tasks set but sometimes spent more time putting the mechanical 
model together than programming it (Mayerova, 2012). 


PicoCrickets 

PicoCrickets*® can be seen as a new development, based on the experience with 
LEGO Mindstorms robots. PicoCrickets extend the idea of programmable building 
blocks to the world of omnipresent computers. PicoCrickets are small, program- 
mable building blocks, to which sensors (light, touch, resistance, sound) can be 
connected as input sources. Children can use these bricks to design creations that 
move, light up, make music and much more. The simple visual programming lan- 
guage PicoBlocks is used to control its output options (coloured lights, motors, 
sound generator and LED display). This results in a variety of feasible projects, for 


30 https://www.playfulinvention.com/picocricket/index.html (no longer produced). 
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example, interactive gardens, responsive soft toys, or “techno-clothes”, such as 
boots described by Resnick that flash in colour depending on the walking speed 
(Resnick, 2007). PicoCrickets includes a set of LEGO building blocks and handi- 
craft materials. This is to overcome the separation between the world of electron- 
ics and the world of handicrafts. It allows children to engage in a wide variety of 
creative and computer-related activities in contexts from their own world of expe- 
rience. PicoCrickets is therefore not directly a form of robotics, but is presented as 
an “invention kit that integrates art”: 


“You can plug lights, motors, and sensors into a Cricket, then write com- 
puter programmes to tell them how to react and behave. With Crickets, 
you can create musical sculptures, interactive jewellery, dancing crea- 
tures, and other artistic inventions - and learn important maths, science, 
and engineering ideas in the process” (MIT, 2011). 


The authors themselves have collected the positive experiences with the use of 
Pico Crickets in the 4th grade of a primary school (Romeike & Reichert, 2011). 


Bee-Bot 

Bee-Bot is a mobile robot especially designed for young children and looks like 
a bee with its black and yellow stripes (see Figure 20). It is equipped with seven 
input buttons. It can be steered forwards, backwards, 90 degrees to the right or 
90 degrees to the left. After entering a maximum of forty of these four commands 
in any combination, the Bee-Bot can be started by pressing the “Go” button. The 
two remaining keys are used to stop and reset the instructions. All Bee-Bot ap- 
plications can be used to learn and practice the mental execution of commands. 
Since all commands must be entered before the “Go” key is pressed, a strategy is 
always worked out in advance and then converted into a sequence of commands. 


Figure 20. Bee-Bot, the programmable floor robot 
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Other robot systems: Cubetto, Dash & Dot 

The PRIMO robot Cubetto (see Figure 21 left) is also intended to ease the first 
steps, especially for young computer science beginners. It can be programmed by 
plugging in wooden blocks. With this simple educational toy, even young children 
can learn the basics of understanding algorithms (or programme sequences) and 
programming in a playful way. 


Figure 21. Different robotics systems for children (from left to right): PRIMO Cubetto, LEGO 
Mindstorms, WONDER robot Dash & Dot 


Especially for very young learners, direct feedback on their work promotes motiva- 
tion (Leonhardt, 2015). Thus, even somewhat more complex robot models, such 
as the WONDER robots Dash & Dot (see Figure 21, right), which are controlled via 
symbols on a tablet, allow users to directly admire and evaluate the result of their 
own programming attempts. 


2.3.4 Out-of-School Learning Venues and Communities 

While the approaches described above are oriented towards specific examples 
and topics (CS Unplugged) or tools, other approaches focus on social and collab- 
orative experiences to motivate children and young people for computer science, 
especially in extracurricular settings. Here, different types of online and offline 
communities offer children and young people the opportunity to exchange ideas 
with other interested people and to have collaborative learning experiences. 


Computer Clubhouses 

One example of this is Computer Clubhouses?', which also allow children at an 
early age to participate in offers to learn with computers. The project “Computer 
Clubhouses” aims to enable learners to learn creatively with computers (Resnick & 
Rusk, 1996). The Clubhouse learning approach is based on four guiding princi- 
ples: Learning by design, pursuing one’s own interests, building a community 
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and an environment of respect and trust. Even though computer science educa- 
tion is not mentioned as the primary goal of the Clubhouse learning approach, 
but rather intercultural understanding and tolerant coexistence are aimed at, the 
participants learn basic computer science procedures, concepts and applications 
virtually “along the way”. 


Learner laboratories 

Another growing institution in the field of computer science are learner labs, such 
as the /nfoSphere*? learner lab at RWTH Aachen University, which solely aims at 
teaching aspects of computer science to children and adolescents from grade 3 
upwards (Bergner, 2015). Learner labs often offer workshops to entire school 
classes but also for individual interested learners. 


Competitions 

In addition to the “Informatik Biber” (computer-science Bebras) competition de- 
scribed in 2.3.1, there are various other offers. For example, the Federal Computer 
Science Competition? challenges advanced computer science learners. There are 
also many regional and international robotics competitions, some of which are 
offered directly by companies (e.g., LEGO), but also by (variously sized and profes- 
sional) groups, networks or even schools themselves. 


Online Communities 

Brennan noted that apart from the process of creating Scratch projects being an 
important reason for children to get involved with programming, the opportunity 
the platform offers to connect with others and share ideas is also important (Bren- 
nan, 2013). In the meantime, the Scratch community has hundreds of thousands 
of members, mostly aged 8 to 16, who upload more than 2,000 projects to the 
website every day, where they can be commented on, praised or further edited 
(Brennan, 2013). The source code of the projects can be viewed by anyone, so that 
one can learn from the others. Kafai and Burke emphasise that, according to their 
observations, it is the social experience rather than the tools that are important 
for learning programming (Kafai & Burke, 2014). Programming increasingly pre- 
sents itself as a very social rather than an individual endeavour. The exchange and 
especially the positive feedback apparently strengthens the positive appreciation 
of one’s own creative process, similar to presentations in front of an audience, and 
gives children a new self-competence in dealing with technology. 


32 http://schuelerlabor.informatik.rwth-aachen.de/ 
33 http://www. bwinf.de/ 
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Maker Culture 

The so-called maker culture is about enabling people of all ages to invent and cre- 
ate things, especially with new technologies. Typically, this is not done in school 
but in study groups, public institutions, (such as e.g., FabLabs; Walter-Herrmann & 
Biiching, 2013), at fairs and exhibitions (Maker Faire?) or privately. Since com- 
puter science-based technologies, such as 3D printers, micro-controller boards or 
robotics resonate strongly in the Maker Community, there is a lot of overlap with 
examples from computer science education (see Libow Martinez & Stager, 2013). 


2.3.5 Summary 

Even if computer science education for children at the level of child-care centre 
and primary school is a relatively new field of research, there are already various 
tried and tested approaches that can motivate children and teach them computer 
science skills. With regard to the suitability of the different target groups, there 
are approaches that are intended and tested for children as early as at the child- 
care centre level (e.g., learning materials of early childhood education, “Hello 
Ruby”, Bee-Bot, ScratchJr), as well as offers which are mainly aimed at children 
of primary school age (often around grade 3), e.g., CS Unplugged, “Informatik 
Biber” (Bebras), LEGO WeDo, Scratch, learner labs). However, the research situa- 
tion in this area can be described as insufficient because the various field reports 
on practical use can at best provide initial indications of the design and impact of 
computer science education in this age group. 


2.4 International Comparison: Curricula and their 
Classification in the Competence Model 


In contrast to mathematics and natural sciences, there is no long-established 
universal compulsory subject of computer science in the junior secondary level — 
neither nationally, nor internationally. As a result, there is much less experience 
and study on which computer science skills can be acquired at what ages and how 
this can be achieved. Consequently, there is little firm knowledge about which 
computer science competencies or competencies fundamental to computer sci- 
ence can already be acquired at the primary level or even at pre-school age (cf. 
Section 2.2). 

Nevertheless, as described in the previous sections, there are studies that 
show that children can learn concepts of computer science and that it makes 
sense to do So at a young age, and there are specific examples and approaches to 
teach these concepts in an age-appropriate way. 


34 For Germany: https://maker-faire.de/ 
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Based on this, some progres- 
sive education systems at the 
international level are currently 
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and primary education as a gen- 
eral compulsory subject to teach 
learners a computational way 
of thinking and problem-solv- 
ing skills using computer sci- 
ence methods (internationally 
referred to as “computational 


thinking”). This way of thinking 
qualifies the learners both for well-founded and reflective handling of informat- 
ics systems and for the use of informatics systems to creatively shape their own 
life-world. For this reason, the subjects are generally referred to by terms such as 
Computer Science, Informatics, Programming, Computing (UK, NZ), Computation- 
al Thinking (USA) or Digital Technologies (AUS). Regardless of their designation, 
the international initiatives for computer science education include, on the one 
hand, operating and media competencies (digital literacy and basic ICT educa- 
tion), and, on the other hand, problem-solving competencies and technical de- 
sign competencies (computing, computational thinking), each of which must be 
reflected in the context of use (cf. Dagstuhl Triangle, Figure 12 from Section 1.6). 

Most of the well-known approaches that are now included in international 
curricula come from extracurricular activities (club houses, summer camps, learn- 
ing labs, coding initiatives, competitions, online communities, programmable 
toys). Despite such measures, which individually have been demonstrably suc- 
cessful (cf. Section 2.3), it has not been possible to trigger a stable interest in 
computer science in the long term. In contrast, this has been achieved in recent 
years in the other STEM disciplines, which are also supported by extracurricular 
measures. Mathematics and physics are more strongly opted for, while computer 
science continues to decline (Brown, Sentance, Crick & Humphreys, 2014, p. 3). 
The obvious difference between these disciplines is that computer science is nota 
regular school subject at the primary and junior secondary level. 

Some of the international principles and standards, as well as curricula men- 
tioned are analysed below to identify internationally recognised core content and 
competencies for the expert opinion. They are then presented in the outline of 
the Gl’s (GI - Gesellschaft für Informatik e.V., 2008) competence model for com- 
puter science education at the junior secondary level. From this analysis and rep- 
resentation, it can be deduced whether and how the competence model for the 
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secondary level can be mapped onto one for the primary level. The aim is to define 
a competence structure for the primary level that is compatible with the estab- 
lished GI model for the junior secondary level, for which a preliminary education 
in computer science in the level of child-care centre and primary school should 
qualify. 


2.4.1 Computing in the UK 

The CAS? (Computing at School) initiative was founded in 2008 by BCS (British 
Chartered Institute of IT; comparable to the German Gesellschaft fiir Informatik) 
and IT companies Microsoft, Google and Intellect, with the intention of bringing 
computer science into schools. Previously, ICT in British schools was more in the 
sense of training the use of informatics systems. Just like in Germany, ICT curricula 
were not very successful (e.g., recommendations of the The Royal Society, 2012). 
They tended to discourage children and young people from taking an interest in 
computer science and its methods, and gave a false image of the discipline. 

The CAS initiative initially consisted of a few committed teachers and aca- 
demics, but quickly grew to hundreds and today has over 6,000 members. In the 
beginning, the CAS consortium exerted political influence, mainly by making it 
clear that computer science is a scientific discipline that develops its own ideas, 
principles, techniques and methods that are applied in wide areas of life. It is 
based on its own kind of computational thinking, which can generally be used to 
solve problems (even without the use of informatics systems) and is increasingly 
finding its way into many other disciplines. 

This led to the questioning of previous ICT teaching (operating competence 
for informatics systems) and the development of new national curricula for the 
subject “computer science” from primary school onwards, as well as the introduc- 
tion of the subject at primary schools from 2014. In these curricula, important user 
competencies (ICT and digital literacy) were retained as essential foundations but 
expanded to include computer science competencies, so that informatics systems 
and the computer science concepts realised in them can also be understood and 
used reflexively to creatively design solutions for upcoming tasks. 

In order to illustrate the competencies of computer science education, the 
topics of the field (key concepts: languages, machines, and computation, data 
and representation; communication and coordination; abstraction and design; 
computers and computing are part of a wider context) and typical actions and ways 
of thinking (key processes: abstraction, modelling, decomposing, generalising, 
and programming) are described. From this, the content and scope for a pre-edu- 
cation in primary and secondary education are derived, which include the topics 
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of algorithms, programmes, data, computers, communication and the Internet, as 
well as “in-depth topics”. 

For the educational levels to be achieved, the CAS concept distinguishes nine 
target competence levels (level 1-8 plus exceptional) for the age groups (Key Stag- 
es 1-4) (depending on the hours available in the school) from the primary level 


onwards: 


m Key Stage 1: In pre-school to grade 2 (age 5-7), competence domains 1 to 3, 
if applicable, can be achieved 
= Level1: Discuss sequences (storyboards), arrange objects, recognise ob- 
jects that process input, use programmable toys 
= Level 2: Draw own sequences (storyboards), give direct instructions, use 
programmable toys to perform specific tasks, classify objects 


m Key Stage 2: In grades 3-6 (age 7-11), the aim is to achieve competence levels 

2 to 4 accordingly 

= Level 3: Identify commonalities in storyboards, plan a series of instruc- 
tions, give linear instructions, present data systematically 

m Level 4: Analyse and represent a sequence of events, recognise different 
types of data (text, number), understand the precision of a programming 
language syntax, give instructions with selection and repetition, think 
through an algorithm and predict the result 


Building on this, the further levels of competence are to be achieved in continuous 
computer science lessons in secondary school: 


m Key stage 3: In grades 7-9 (age 11-14) competence level 5 to 6 

= Levels: Break down problems and present them in appropriate notation, 
analyse and explain selected algorithms, recognise similar problems 
and identify algorithms that can be used for them, explore variables in 
a programme, develop and test sequences of instructions step by step 

= Level 6: Describe slightly more complex problems (searching and sort- 
ing), graph system components, specify models for similar problems, 
analyse programmes and predict behaviour, compare different solu- 
tions, use parameterised procedures and functions 


m Key Stage 4: In grades 10-12 (ages 14-17), corresponding to our senior sec- 
ondary level, further competency levels 7 to 8 and, for exceptionally talented 
learners in more in-depth computer science courses, the exceptional level 
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Level 7: Describe search and sort algorithms, break down problems us- 
ing appropriate notation, recognise similarities in slightly more complex 
problems, assemble given programme modules, use more complex data 
structures including relational databases, select programming tools ap- 
propriately, text-based programming 

Level 8: Select appropriate programming constructs, find suitable mod- 
els for more complex problems, advanced troubleshooting and debug- 
ging, analyse and optimise more complex data structures, understand 
the relationship between reality, the model, logic, algorithm and visual- 
isation 

Exceptional: use professional programming language, specify general 
models for problem categories 


The English Ministry of Education has taken up the Commission’s proposals and 


introduced an end-to-end computing subject from 2014, which identifies the fol- 


lowing competencies as mandatory in the areas relevant to the expert report (Key 
Stages 1 and 2) (Department for Education, 2013): 


m Key Stage 1: Pre-school to grade 2 (age 5-7) 


Understand what algorithms are and how they are implemented in the 
form of programmes on digital computers (devices). Understand that 
programmes follow precise and unambiguous instructions. 

Develop and test own simple programmes. 

Draw logic conclusions to predict the behaviour of simple programmes. 
Use digital technologies purposefully to create, organise, store, access 
and adapt digital content. 

Be aware of the use of digital technologies in everyday life. 

Use digital technologies safely and respectfully, keep data confidential 
and know who to contact if there are concerns about content or contact 
requests via the Internet. 


m Key Stage 2: In grade 3-6 (age 7-11) 


Design, develop, implement and test programmes that fulfil specific 
goals, including simulations of physical systems; solve problems by 
breaking them down. 

Use sequences, branches and loops in programmes; develop pro- 
grammes with variables and different forms of input and output. 

Explain the behaviour of simple algorithms through logical reasoning, 
find errors in algorithms and programmes and correct them. 
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= Understand computer networks, including the Internet, how they pro- 
vide various services, such as the WWW and assess their potential for 
communication and collaboration. 

= Use search technologies effectively and assess the selection and rank- 
ing of search results; evaluate digital content critically. 

= Select, combine and use software tools (including web services) on 
different informatics systems (PC, tablet, smartphone), to create and 
manage a range of digital objects (programmes, systems, content) pur- 
posefully. This includes collecting, analysing, evaluating and presenting 
information and data. 

= Use digital technologies safely, respectfully and responsibly; recognise 
acceptable and unacceptable behaviour and know how to report con- 
cerns. 


A number of teaching ideas and materials have been developed for the curricu- 
lum?® and corresponding advanced training for teachers has been designed. All 
content points always concern aspects of reflective use — digital literacy (DL) and 
informatics technology (ICT), as well as basic concepts of computer science (CS). 
In the beginning, the focus is more on user competencies and, with increasing 
age and competence level, also on concepts of computer science (see Table 1). 
For the age range considered in this expert report, competence levels 1 to 3 (and 
sometimes 4) are particularly relevant. 
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Understand what algo- 
rithms are Create simple 
programs 


Understand that algo- 
rithms are implemented 
as programs on digital 
devices 

Understand that programs 
execute by following 
precise and unambiguous 
instructions 

Debug simple programs 
Use logical reasoning to 
predict the behaviour of 
simple programs 


Write programs that ac- 
complish specific goals 
Use sequence in programs 
Work with various forms 
of input 

Work with various forms 
of output 


Design programs that 
accomplish specific goals 
Design and create pro- 
grams 

Debug programs that ac- 
complish specific goals 
Use repetition in programs 
Control or simulate physi- 
cal systems 

Use logical reasoning to 
detect and correct errors 
in programs 

Understand how computer 
networks can provide 
multiple services, such as 
the World Wide Web 
Appreciate how search 
results are selected 


Use technology purpose- 
fully to create digital 
content 

Use technology pur- 
posefully to store digital 
content 

Use technology purpose- 
fully to retrieve digital 
content 


Use technology purpose- 
fully to organise digital 
content 

Use technology purpose- 
fully to manipulate digital 
content 


Use search technologies 
effectively 

Use a variety of software 
to accomplish given goals 
Collect information 
Design and create content 
Present information 


Select a variety of software 
to accomplish given goals 
Select, use and combine 
internet services 

Analyse information 
Evaluate information 
Collect data 

Present data 


Use technology safely 
Keep personal informa- 
tion private 

Recognise common uses 
of information technology 
beyond school 


Use technology respect 
fully 

Identify where to go for 
help and support when 
they have concerns about 
content or contact on the 
internet or other online 
technologies 


Use technology respon- 
sibly 

Identify a range of ways 
to report concerns about 
contact 


Understand the opportu- 
nities computer networks 
offer for communication 
Identify a range of ways 
to report concerns about 
content 

Recognise acceptable/un- 
acceptable behaviour 


2 Foundation of Goals on the Children’s Level 


= FTSE 


Solve problems by decom- 
posing them into smaller 
parts 

Use selection in programs 
Work with variables 

Use logical reasoning to 
explain how some simple 
algorithms work 

Use logical reasoning to 


Combine a variety of 
software to accomplish 
given goals 

Select, use and combine 
software on a range of 
digital devices 

Analyse data 

Evaluate data 

Design and create systems 


Understand the opportu- 
nities computer networks 
offer for collaboration 

Be discerning in evaluat- 
ing digital 


detect and correct errors 
in algorithms 
Understand computer 
networks, including the 
internet 

Appreciate how search 
results are ranked 


Table 1. Competence levels 1-5 are broken down into computer skills (CS), reflective use 
(DL), and basic knowledge of information technologies (ICT) (Computing at School Working 
Group, 2013, p. 25). 


2.4.2 Computational Thinking in the USA 

In the United States, too, there is discussion about whether and how a univer- 
sal subject of computer science can be introduced, possibly even starting at 
the primary level. The efforts of associations and teachers’ unions are receiving 
prominent support: Former President Obama took part in an “Hour of Code” and, 
according to the White House website, became the first American president to pro- 
gramme himself. In the process, he announced a 4-billion-dollar programme to 
introduce computer science in schools over the next few years?’: 


“In the coming years, we should build on that progress, by ... offer- 
ing every student the hands-on computer science and maths class- 
es that make them job-ready on day one. ... give all students across 
the country the chance to learn computer science (CS) in school... 
recognizing that CS is a ‘new basic’ skill necessary for economic 
opportunity and social mobility.” 


The current situation regarding computer science education in general education 
schools in the USA is generally considered to be problematic and inadequate (Wil- 
son, Sudal, Stephenson & Stehlik, 2010). As in Germany, there are differences be- 
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tween the individual states. In the report “Running on Empty”, it becomes evident 
that in more than a third of the states, neither ICT nor computer science education 
is offered in schools, in another third, there is only basic ICT education and in the 
remaining third, computer sciences is partially offered as an elective subject. Be- 
cause of this situation, computer science in the US has lost young talent in recent 
years. 

The ACM (Association for Computing Machinery, comparable to the German 
GI) offers a curriculum for secondary schools and advanced placement exams. The 
Computer Science Teachers Association (CSTA) has developed recommendations 
for computer science standards to serve as a framework for the states’ future cur- 
riculum design (“CSTA K-12 Computer Science Standards”, 2011). The proposal 
aims at a universal K-12 curriculum. The document criticises the untenable state 
of lack of computer science education in the US. Most states currently teach only 
user Skills (digital literacy and ICT), while computer science competencies is lack- 
ing. There is often a misconception among politicians, parents and teachers that 
these disciplines are no different at all: .... “general public is not as well educated 
about computer science as it should be, to the point that the nation faces a serious 
shortage of computer scientists at all levels that is likely to continue into the fore- 
seeable future”. Just as with the British proposals presented earlier, the predomi- 
nant offerings, if any, in curricula for pure IT use skills are enriched by the focus on 
computer science education. The American and British working groups exchanged 
ideas and enriched each other’s work. 

The CSTA standards address the fields of (1) Collaboration, (2) Computational 
Thinking, (3) Computing Practice and Programming and (4) Community, Global 
and Ethical Impacts. It is emphasised that children love computer science edu- 
cation (computing) because of the versatile, often creative facets: “... the combi- 
nation of art, narrative, design, programming, and sheer enjoyment that comes 

from creating their own virtual 


worlds”. 

The recommendations for 
computer science standards 
distinguish between three com- 
petence levels, which in turn are 
divided into six age segments. Of 
these, the first two (level 1:3 for 
the age group 5-8 years (K-3) and 
level 1:6 for the age group 8-11 
years (grades 3-6)) are relevant 
for the age range considered in 


this expert report and the level of 
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competence to be achieved. In the first level of competence, called “Computer Sci- 
ence and Me” (K-6; pre-school to grade 6, for 5-11-year-olds), the basic concepts 
of computer science should be introduced to all learners from the primary level 
onwards. The expert group for CSTA recommendations assumes that this can be 
achieved by teaching the use and application of technology and the underlying 
concepts of computer science by integrating this into other school subjects. 

In the first age level (K-3), comparable to Key Stage 1 of the UK curriculum, the 
four competence domains are described: 


m The first age level of the Collaboration competence domain is about using 
programmes to gather information and to communicate and collaborate elec- 
tronically. 


m The Computational Thinking competence domain involves solving age-appro- 
priate logical tasks using programmes and apps, arranging and managing 
information, using programmes to put one’s own stories into pictures and 
texts and understanding that computers process information in the form of Os 
and 1s and that programmes are developed to control computers (including 
smartphones and tablets). 


m Computing Practice and Programming includes competencies that relate 
more to the use of tools to create, arrange and manage information and dig- 
ital representations and explicitly to their use in learning (more ICT/Digital 
Literacy in our classification). 


m The competence level Community, Global, and Ethical Impacts is also more of 
an ICT literacy and describes the recognition of ethically correct use of IT tools 
(including the Internet). 


In the age group up to grade 6 (comparable to Key Stage 2 of the UK curriculum), 
the following competencies are targeted: 


m Inthe Collaboration domain, standard tools, such as word processing, pres- 
entation software and spreadsheets, including access to online resources, 
should be used individually and collaboratively. 


m The Computational Thinking competence domain is most closely related to 
computer science education. At this age level, it involves understanding how 
algorithms are constructed from individual steps, breaking down problems 
and the use of simulations to solve problems. 


m Again, the focus is on the competence domain Computing Practice and Pro- 
gramming, which essentially involves the proficient assembly and use of 
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computer science tools to create, manipulate and manage digital objects and 
their relevance to one’s learning and application at work. Programming is de- 
scribed in terms of visual languages in only one of the nine items. 


m The competence domain Community, Global, and Ethical Impacts extends the 
basic competencies of the preliminary level to include discussion of ethical 
use, as well as critical reflection on the impact and security of informatics 
systems. 


Examples on all topics are available at CSTA Web Repository of teaching materials: 
https: //www.codes-isss.org/csta_subdomain/WebRepository/WebRepository/. 
In comparison to the UK curriculum, it is generally noticeable that the CSTA 
recommendations in both age groups place more emphasis on the use of tools 
(Digital Literacy & ICT) and that significantly fewer computer skills are explicitly 
described (programming, programme constructs, algorithms, predicting the be- 
haviour of programmes). Instead, more emphasis is placed on the use of infor- 
mation technology for collaboration (explicit topic of Collaboration) and the rec- 
ognition of information technology tools in everyday life and professions, where 
computer science education is helpful. Furthermore, CSTA explicitly mentions bi- 
nary representation. The latter three domains are not found in the UK proposals. 
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ns Level 1:3 K-3 (Age 5-8) Level 1:6 3-6 (Age 8-11) 


Gather information and commu- Use productivity technology tools 
nicate electronically with others (e.g., word processing, spread- 


with support from teachers, sheet, presentation software) for 
family members, or student individual and collaborative writ- 
partners. ing, communication, and publish- 
ing activities. 
Work cooperatively and collab- Use online resources (e.g., email, 
Collaboration oratively with peers, teachers, online discussions, collaborative 
and others using technology. web environments) to participate 


in collaborative problem-solving 
activities for the purpose of devel- 
oping solutions or products. 
Identify ways that teamwork and 
collaboration can support problem 
solving and innovation. 


Use technology resources (e.g., Understand and use the basic steps 


puzzles, logical thinking pro- in algorithmic problem solving 
grams) to solve age-appropriate (e.g., problem statement and 
problems. exploration, examination of sample 


instances, design, implementation, 
and testing). 


Use writing tools, digital Develop a simple understanding 
cameras, and drawing tools of an algorithm (e.g., search, se- 
to illustrate thoughts, ideas, quence of events, or sorting) using 
and stories in a step-by-step computer-free exercises. 
manner. 
Understand how to arrange Demonstrate how a string of bits 
Computational ‘ Saig 
ai (sort) information into useful can be used to represent alphanu- 
ll order, such as sorting students meric information. 
by birth date, without using a 
computer. 
Recognize that software is Describe how a simulation can be 
created to control computer used to solve a problem. 
operations. 
Demonstrate how Os and 1s can Make a list of sub-problems to 
be used to represent informa- consider while addressing a larger 
tion. problem. 


Understand the connections be- 
tween computer science and other 
fields. 
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| Level 1:3 K-3 (Age 5-8) Level 1:6 3-6 (Age 8-11) 


Computing 
Practice, 
Programming 


Use technology resources 
to conduct age-appropriate 
Research. 


Use developmentally appropri- 
ate multimedia resources (e.g., 
interactive books and edu- 
cational software) to support 
learning across the curriculum. 


Create developmentally ap- 
propriate multimedia products 
with support from teachers, 
family members, or student 
partners. 


Construct a set of statements 
to be acted out to accomplish a 
simple task (e.g., turtle instruc- 
tions). 

Identify jobs that use comput- 
ing and technology. 


Gather and organize informa- 
tion using concept-mapping 
tools. 


Use technology resources (e.g., 
calculators, data collection probes, 
mobile devices, videos, educa- 
tional software, and web tools) for 
problem-solving and self-directed 
learning. 

Use general-purpose productivity 
tools and peripherals to support 
personal productivity, remedi- 

ate skill deficits, and facilitate 
learning. 


Use technology tools (e.g., 
multimedia and text authoring, 
presentation, web tools, digital 
cameras, and scanners) for indi- 
vidual and collaborative writing, 
communication, and publishing 
activities. 

Gather and manipulate data using 
a variety of digital tools. 


Construct a program as a set of 
step-by-step instructions to be act- 
ed out (e.g., make a peanut butter 
and jelly sandwich activity). 


Implement problem solutions using 
a block-based visual programming 
language. 

Use computing devices to access 
remote information, communicate 
with others in support of direct and 
independent learning, and pursue 
personal interests. 


Navigate between webpages using 
hyperlinks and conduct simple 
searches using search engines. 
Identify a wide range of jobs that 
require knowledge or use of com- 
puting. 
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Fs Level 1:3 K-3 (Age 5-8) Level 1:6 3-6 (Age 8-11) 


Practice responsible digital Discuss basic issues related to 
citizenship (legal and ethical responsible use of technology and 
behaviors) in the use of tech- information, and the consequences 


nology systems and software. of inappropriate use. 


Identify positive and negative Identify the impact of technology 
social and ethical behaviors for (e.g., social networking, cyber 


using technology. bullying, mobile computing and 
Community, communication, web technologies, 
Global, and cyber security, and virtualization) 
Ethical on personal life and society. 
Impacts Evaluate the accuracy, relevance, 


appropriateness, comprehensive- 
ness, and biases that occur in 
electronic information sources. 


Construct a program as a set of 
step-by-step instructions to be act- 
ed out (e.g., make a peanut butter 
and jelly sandwich activity). 


Table 2. The CSTA competence levels and domains included in this expert report 


2.4.3 Digital Technologies in New Zealand (& Australia) 

Concurrently with the preparation of this report, curricula for Australia (http: // 
www.australiancurriculum.edu.au/technologies/digital-technologies/curricu- 
lum/f-10) and New Zealand were also developed and proposed for implementa- 
tion; Duncan & Bell, 2015). They are based on the USA and UK initiatives described 
above but structure the competence domains slightly differently to facilitate the 
connection to existing models of secondary education competence level in the do- 
mains of digital technologies. In both drafts, competencies in the use of computer 
tools and digital technologies are described in addition to the purely computer 
science aspects. In the first level, the Australian curriculum places a stronger em- 
phasis on aspects of how digital technologies work (binary representation), simi- 
lar to the CSTA proposal for the USA. 

In the New Zealand draft, content is divided into six categories: (1) Algo- 
rithms, (2) Programming, (3) Data Representation, (4) Digital Device Infrastruc- 
ture, (5) Digital Applications, and (6) Humans and Computers. These categories 
are intended to reflect the core principles of computer science: “This classifica- 
tion corresponds to the key ideas in computation, since digital devices apply al- 
gorithms to data through the practical means of programming, and they produce 
digital content which must then be considered in the context of its impact on the 
individual and society” (Duncan & Bell, 2015). 
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The proposed model targets the existing standards that describe computer sci- 
ence competencies for ages 15 and older. The targeted competencies are differen- 
tiated into six categories for five underlying levels, with the proposal distinguish- 
ing between a more conservative and a more progressive, advanced approach. For 
the purposes of this report, the first two levels of competency are again of interest. 


On NCZ level 1 (age 5-7) 


1. Understand what Algorithms are and be able to follow (interpret) them. 


2. In the domain of Programming, initial small programmes for cybernetic sys- 
tems (robot, turtle) should be developed. In the “advanced proposal”, simple 
iteration should already take place and debugging is to be dealt with. 


3. The domain of Data Representation is not yet considered in this age group in 
the conservative proposal; in the advanced proposal, Os and 1s are to be under- 
stood as representations of texts and images. 


4. Digital Device Infrastructure describes the (physical, motor) skills for operat- 
ing digital systems (gestures, clicking, mouse, keyboard and touch screen). In 
the advanced proposal, the software and hardware components should be de- 
scribed additionally. 


5. Digital Applications comprises competencies to create, organise, modify and 
access digital content. In the advanced proposal, multimedia is explicitly men- 
tioned as digital content. 


6. Humans and Computers primarily aims to enable the safe use of information 
technology by protecting personal information and raising awareness of mis- 
use fears. The advanced proposal additionally includes recognition of use in 
everyday life. 


At the following NCZ level 2 (ages 7-9), these domains of competence should be 
extended according to age: 


1. Problems should be broken down and errors in algorithms found and correct- 
ed. In the advanced proposals, steps for problem-solving should be considered 
additionally. 


2. Programming in visual environments should be extended to variables, iteration 
and case discrimination. In the less conservative approach, interactive pro- 
grammes should be developed and tested. 
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3. It should be understood how binary representation is used as Data Representa- 
tion. In the advanced proposal, this should be done for different forms of infor- 
mation (text, image, symbols). 


4. The operation of Digital Device Infrastructure should be extended to include 
data acquisition and data transmission and in the advanced case, contain prob- 
lem search and resolution. 


5. Building on previous experience, Digital Applications should be combined to 
include search and, in the less conservative approach, advanced search and 
the presentation of results in simple tables and charts. 


6. The domain Humans and Computers should be expanded to include respect- 
ful and responsible interaction. In the advanced proposal, this includes social 
needs analysis and information sharing. 


The New Zealand model is largely consistent with the American and British mod- 
els. Compared to the CSTA proposal, just as in the British proposal, the aspect of 
presenting information in the form of digital data is not addressed in the first age 
level. In return, similar to the American proposal, more attention is paid to the 
domain of operating digital technologies. The “less conservative” proposal goes 
a little further in the individual domains than the American one. 

The Australian model distinguishes between “understanding of & knowledge 
about” and “skills and abilities in using” digital technologies. The age levels are 
set in the same way as in the New Zealand model: F-2 (ages 5-7) and Year 3 and 4 
(ages 7-9). Allin all, this proposal, which was implemented in 2016, is largely in 
line with the other models. 

In level F-2, learners should gain experience in creating, managing and using 
digital objects through the playful use of informatics systems (including robots, 
programmable toys, etc.), as well as through collecting and organising data and 
displaying it in multimedia. In addition, they should learn the steps to algorithmic 
problem-solving and be able to describe the use of informatics systems in every- 
day life. Ethically responsible, and above all, safe handling of digital data is to be 
practised when it is used for communication and learning. 

At the end of the next level (Years 3-4), learners are to be able to access the 
facets of informatics systems (hardware and software) for their use and explain 
how information can be represented in the form of data in a targeted manner. They 
should be able to develop and implement simple (partly interactive) programmes 
for simple problems and explain design decisions. They can use computer science 
tools safely and purposefully. 
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2.4.4 Swiss Curriculum 21 (“Lehrplan 21”) 
In the Curriculum 21 (“Lehrplan 21”) project, the German-Swiss Conference of 
Cantonal Ministers of Education (D-EDK) developed Curriculum 21 from 2010 to 
2014. Initially, it did not include any computer science education for the early 
levels. After protests by some associations and studies by the Hasler Foundation, 
a commission then expanded Curriculum 21 to include a module on “Media and 
Computer Science” from grade 3. The module contains application competencies 
(rather ICT use and media education) and basic competencies (rather computer 
science background). 

The /CT Literacy domain is already addressed as a prerequisite of experience 
and competencies in computer science in cycle 1 (grades 1-2), and the following 
competencies are described: 


m turning devices on and off, starting, operating and closing programmes and 
using simple functions 


m logging on and off 
m saving and retrieving documents 


m dealing with simple control elements (GUI) 


For the domain of computer science education from cycle 2 (grades 3-4) onwards, 
the following competencies are essentially described for the domains of (1) Data, 
(2) Algorithms and (3) Computer Systems: Learners can 


EM represent, structure and evaluate data from their environment 
= in different forms of representation, 
= distinguish between corresponding file formats 
= and know tree (directories) and network (web) structures. 


m analyse simple problems, describe possible solution procedures and imple- 
ment (and test) them in programmes. 
= understand processes with branches and loops 
= interpret algorithms and parameters 
= understand programmes and unambiguous instructions 


m understand the structure and functioning of concepts of information process- 
ing and apply concepts of secure data processing. 
= distinguish between operating system level and application level 
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= understand different types of memory (e.g., hard disks, flash memory, 
main memory) and their advantages, disadvantages and size limitations 

= apply strategies for solving problems with devices and programmes 
(e.g., help function, research) 

m explain how data can be lost and know the most important measures to 
protect against this 


Compared to the approaches listed above, the Swiss proposal is somewhat short- 
er in terms of computer science but is still broader than the status quo in Germany. 
In the Swiss draft, it is clearer than in the other international proposals that digi- 
tal education is based on three different, but not sharply delimitable, domains of 
competence: (digital) media education, ICT application competence and computer 
science education. This view is also represented in the Dagstuhl representation of 
the GI and in other strategy papers of the GI Department of Computer Science and 
Education (cf. Section 1.6). 


Computer science 
education - 
an interdisciplinary area 


— STEM subject; - “fourth cultural technique” along- - media knowledge, 

- precise, analytical side reading, writing, arithmetic; media use, reflec- 
and constructive - prerequisite for being able to work tion on media; 
science; and study; -= social science; 

- domain of comput- — not a science, but user competence; — domain of media 
er science subject — domain of all educators and educators. 
teacher. teachers. 


Figure 22. Computer science education as an interdisciplinary area (from Deutschschweizer 
Erziehungsdirektion, 2015) 
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2.5 Placing the International Standards Within the 
Framework of a Competence Model for Computer 
Science Education at the Primary Level 


In the following, we will first present the competency structure model that under- 
lies the recommendations for educational standards in computer science at the 
junior secondary level (GI - Gesellschaft für Informatik e.V., 2008), published in 
2008. These recommendations currently form the essential basis for all drafts of 
the federal states of Germany (Bundeslander) that provide for computer science 
at the junior secondary level. However, it should be critically noted that the GI 
recommendations assume a continuous subject of computer science at the junior 
secondary level, whereas in most federal states computer science exists only as 
an optional subject in grades 8 and 9. In addition, many schools have ICT applica- 
tion courses in grades 5 and 6 either as independent subjects or integrated into 
others. Therefore, the competencies formulated in the GI recommendations are 
in fact not achievable. When designing computer science lessons at the junior 
secondary level, a selection is therefore usually made from the overall catalogue. 


2.5.1 Competence Structure Model for Computer Science Education at 
the Secondary Level 

The recommendations for computer science standards are based on the NCTM 
competence structure model (NCTM - National Council of Teachers of Mathemat- 
ics, 1989, 1991, 1995, 2000) of US mathematics, which also forms the basis of 
the educational standards for mathematics in Germany. The NCTM and GI recom- 
mendations each distinguish between five Content and Process Domains. “The 
Content Domains characterise at least the subject competencies to be acquired. 
The Process Domains describe the way in which learners are to deal with the sub- 
ject content mentioned” (GI - Gesellschaft für Informatik e.V., 2008). The com- 
petencies to be acquired can thus be described as a combination of Content and 
Process Domains (see Figure 23). Here, the respective domains cannot be clearly 
distinguished from each other. 

The competencies are described for grades 5-7 and 8-10. The overall aim is 
to prepare all learners for life in a digitally shaped world. In doing so, they should 
understand the basic structure and functioning of informatics systems in order to 


“enable their targeted use for solving problems on the one hand, but also 
easy access to other systems of the same application on the other hand. 
However, the school-based examination of the structure and function- 
ing of informatics systems must not only take place on the level of the 
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user interface, which can already change with the next product version or 
when using a product from another manufacturer” (GI - Gesellschaft für 
Informatik e.V., 2008, p. 19). 


The starting point for a general education approach is the representation of “in- 
formation” on questions from the learners’ life world through “data” (Content Do- 
main 1 - C1). Furthermore, general education includes the realisation that data 
and algorithms (C2) must be formulated in a specific, precisely defined language 
(C3) in order to be automatically processed by a computer or a simple model, such 
as that of automata (C3). Informatics systems of various Application Domains (C4) 
can be modelled and simple parts implemented (Process Domain 1 - P1), the use 
of which essentially shapes coexistence in our society (C5). In doing so, oppor- 
tunities and risks are to be weighed up and possible design decisions are to be 
justified and evaluated (P2). These Content Domains should be addressed in les- 
sons that encourage learners to “communicate” (P4) using appropriate computer 
science terminology, “structure” (P3), “reason”, “evaluate” and “cooperate”, as 
well as to “link” internal computer science knowledge with external knowledge. 
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Figure 23. Recommendations for educational standards in computer science at the junior 
secondary level from www.informatikstandards.de 


The structure was developed in accordance with the NCTM standards in several 
workshops with teachers and subject didactics experts over about five years. The 
domains of competence are defined individually across all grades in the following 
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recommendations (Gl - Gesellschaft für Informatik e.V., 2008, p. 20). The five Con- 
tent Domains describe what the learners engage with: 


Information and Data (C1) 
Learners of all grades 


m understand the relationship between information and data, as well as differ- 
ent ways of representing data, 


m understand operations with data and interpret them in relation to the infor- 
mation presented, 


E perform operations on data appropriately. 


Algorithms (C2) 
Learners of all grades 


m know algorithms to solve tasks and problems from different application do- 
mains and read and interpret given algorithms, 


m design and realise algorithms using algorithm modules and present them in 
an appropriate manner. 


Languages and Automata (C3) 
Learners of all grades 


m use formal languages to interact with informatics systems and to solve prob- 
lems, 


m analyse and model automata. 


Informatics Systems (C4) 
Learners of all grades 


m understand the basics of the structure of informatics systems and how they 


work, 
m use informatics systems in a targeted manner, 


m exploit further informatics systems. 
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Computer Science and Society (C5) 
Learners of all grades 


m identify interactions between informatics systems and their social environ- 
ment, 


m exercise freedom of choice in dealing with informatics systems and act in ac- 
cordance with social norms, 


m respond appropriately to risks in the use of informatics systems. 


The Process Domains describe the way in which learners deal with the subject 
content. They give indications of how the content can be didactically implemented 
in lessons. 

Modelling and Implementing (P1) 

Learners of all grades 

m create computer models for given situations, 

m implement models with suitable tools, 


m reflect on models and their implementation. 


Reasoning and Evaluating (P2) 

Learners of all grades 

m ask questions and make assumptions about computer science issues, 
m justify decisions in the use of informatics systems, 


m apply criteria for evaluating computer science issues. 


Structuring and Interrelating (P3) 
Learners of all grades 
m structure facts by breaking them down and ordering them appropriately, 


EM recognise and use connections within and outside computer science con- 
texts. 
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Communicating and Cooperating (P4) 

Learners of all grades 

EM communicate computer science issues in a professional manner, 
© cooperate in solving computer science problems, 


m use suitable tools to communicate and cooperate. 


Representing and Interpreting (P5) 

Learners of all grades 

m interpret different representations of facts, 
m illustrate computer-related facts, 


m select suitable forms of representation. 


Since about 2009, a GI working group then dealt with the development of stand- 
ards for computer science at the senior secondary level. These standards were 
adopted and published by the Gl in January 2016, after several years of discussion 
in the expert committees (GI - Gesellschaft für Informatik e.V., 2016a). The struc- 
ture ofthe junior secondary level was retained, butthe description ofthe contents 
within the domains was slightly adapted (especially with regard to the aspect of 
Modelling). In addition, three requirement domains were distinguished as a third 
dimension for the senior secondary level in accordance with the requirements for 
the uniform Abitur examinations: 


1. Reproduction 
2. Reorganisation and transfer 


3. Reflection and problem-solving. 
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This results in a three-dimensional model: 


Requirement Domains 


Ill Reflection and problem solving 


Il Reorganisation and Transfer 


| Reproduction 


a A A 7 7 CSS - Computer Science and Society 


S - Informatics Systems 

LA - Languages and Automata 

AL - Algorithms 7 
ID - Information and Data Content Domains 


| Representing and Interpreting 
Communicating and Cooperating 
Structuring and Interrelating 

Reasoning and Evaluating 
Modelling and Implementing 


Process Domains 


Figure 24. Competence model of the educational standards in computer science at the senior 
secondary level 


The respective competence domains are differentiated in the standards, accord- 
ing to requirement areas and for levels EF and Q1/Q2, they are differentiated ac- 
cording to the requirement levels for a basic or advanced course. For a description 
of the content, please refer to the standards themselves. 


2.5.2 Mapping the Components of International Curricula into the 
Framework of a Proposed Competence Model for Computer 
Science Education at the Primary Level 

The competencies from the international standards and curricula analysed in the 
previous section are hereinafter presented within the frameworks of the GI stand- 
ards for the secondary level. Here, it becomes apparent that the framework can 
largely be used to deal with the areas in the age range at the primary level, albeit 
to a different extent or with clear focal points. Furthermore, it becomes clear that 
the entire human-computer interaction interface area for ICT application compe- 
tence and digital literacy within the computer science competencies can only be 
covered if an additional Process Domain is defined. This Process Domain, which 
we will hereinafter refer to as PO: Interacting & Exploring, is often found in the 
international standards. 
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In the appendix, the competencies mentioned in the international standards and 
curricula are summarised under the respective assignments to the Content Do- 
mains in the original. In the following, these assignments to computer science 
processes are summarised first and then the Content Domains. 


Classification of the International Standards in the Process Domains 


From the competence descriptions of the international approaches, it is often not 
directly clear how learners deal with the subject content. Therefore, in the follow- 
ing, an allocation of all described competencies to the Content Domains can be 
made and thus the possible Process Domains can be shown, since the way of deal- 
ing with a subject content often depends on the didactic discussion in the teach- 
ing situation. Often, these competencies are only referred to as “understanding” 
or “recognising”. Children can actively gain understanding by modelling & im- 
plementing something (P1) and justifying & evaluating parts (P2) in the process. 
In doing so, aspects are often structured & networked (P3) and, depending on 
the applied didactic method, cooperated & communicated (P4). Subject content 
must also be presented and the subject presentation interpreted (P5). Above all, 
children need to actively engage with subject concepts, algorithms, programmes 
or informatics systems to develop structures and processes by interacting with 
and exploring them (PO) in order to build a mental model. Therefore, the authors 
of this expert report extend the GI competence model at the secondary levels to 
include this Process Domain. 


(PO) Interacting and Exploring 
After analysing and discussing the competence descriptions in the internation- 
al standards, the team of authors proposes to introduce an additional Process 
Domain for the primary level competence model. This Process Domain describes 
basic competencies for exploring the use of informatics systems or components. 
How can one interact with informatics systems in a systematic and sound way? 
How can they be explored systematically in order to build up a mental model of 
modes of action, functionalities and structures? These basic skills must be ac- 
quired as a prerequisite to support the other processes of contextual learning. If 
they are acquired sufficiently at the primary level, they can be used and deepened 
at the junior secondary level. Therefore, they no longer appear in this model but 
are considered as an orthogonal competence in the other five Process Domains. 
The Process Domain is often combined with Content Domain C4 (Informatics 
Systems) (cf. Section 3.4). In summary, such competencies are described in all 
international standards for the age levels considered: Use informatics systems or 
components and typical IT processes (C4)... 
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in a sound manner (components, architecture, devices, document storage, 
etc.) 


purposefully/adequately (especially communication and cooperation in the 
creation of digital artefacts) 


to select and compare (prerequisite for justification and evaluation) 


to explore and build a mental model, inferring functionalities and explanatory 
internal structures from an external view of systems 


to learn with informatics systems 


Although less detailed in the standards, all other Content Domains can always be 


combined with Process Domain PO Interacting & Exploring: 


C1 Information & Data: Store and find data (files, names, types), use databas- 
es, search for information, develop a model of how to organise information 
as data, etc. 


C2 Algorithms & Programmes: e.g., apply simple algorithms (control a robot) 
while exploring step by step, act out algorithms while interacting with ob- 
jects, explore programmes. 


C3 Languages & Automata: this Content Domain is hardly described in the in- 
ternational standards. However, examples can also be imagined in the young 
age group, e.g., entering a web address (URL) in the correct format, setting 
an alarm clock, ... 


C5 Computer Science & Society: recognise in which domains informatics sys- 
tems play a role; this can be done e.g., by role-plays. 


(P1) Modelling and Implementing 


The entire Content Domain C2 (Algorithms and Programmes) is essentially (but 


not exclusively) linked to this Process Domain (detailed list in Section ‘Classifica- 


tion of Content Domains’ and in the appendix), e.g., 


a pupil should know how to write executable programs in at least one lan- 
guage. (CAS, p.14, Programming) 


Construct a set of statements to be acted out to accomplish a simple task 
(e.g., turtle instructions). (CSTA p.14, L1:3.CPP 4.) 


Implement problem solutions using a block-based visual programming lan- 
guage. (CSTA p.14, L1:6.CPP 6.) 
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m can write and test programmes with loops, conditional instructions and pa- 
rameters. (CH LP21 KL. 3-4) 


(P2) Reasoning and Evaluating 

Many of the Content Domains offer the possibility to reason and evaluate (see 
possible assignments in the following sections). However, the competence de- 
scriptions often only explicitly list the topics without showing in which way the 
understanding takes place. This can often include the possibility of reasoning and 
evaluating a fact, even though this will be rather the exception at the young age 
level, e.g., 


m C4 (Informatics Systems): Apply strategies for identifying simple hardware 
and software problems that may occur during use. (CSTA p.14, L1:6.CD 3.) 


(P3) Structuring and Interrelating 

Process Domain P3 is often an implicit part of P1, because modelling involves 
analysing and structuring an issue. Furthermore, modelling, representation and 
interpretation (P5) is about networking with computer science issues. Therefore, 
P3 can play a role in all Content Domains, especially in C2 (Algorithms and Pro- 
grammes), certainly also in C1 (Data) and C4 (Informatics Systems). Especially in 
C5, networking with subject areas outside computer science plays a role. Exam- 
ples found in the international standards are: 


m (C1 Information and Data): Gather and organize information using con- 
cept-mapping tools. (CSTA p.14, L1:3.CPP 6.) 


m C2 Algorithms (and Programmes): Algorithms are developed according to a 
plan and then tested. Algorithms are corrected if they fail these tests. (CAS, 
p. 13, Algorithms, Key Stage 2) 


m C1, C2, C4 (Informatics Systems): Understand how to arrange (sort) informa- 
tion into useful order, such as sorting students by birth date, without using a 
computer. (CSTA p. 13, L1:3.CT 3.) 


m C1, C2, C4, C5 - if applicable (Computer Science and Society): Make a list of 
sub-problems to consider while addressing a larger problem. (CSTA p. 13, 
L1:6.CT 5.) 


m C5: Understand the connections between computer science and other fields. 
(CSTA p. 13, L1:6.CT 6.) 


m C2, C4, possibly, C5: It can be easier to plan, test and correct parts of an algo- 
rithm separately. (CAS, p. 13, Algorithms, Key Stage 2) 
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(P4) Communicating and Cooperating 

In general, Process Domain P4 is more a question of didactic method and a ge- 
neric competence. Therefore, it hardly appears explicitly in the Content Domains 
of the international standards without specific examples with methodical imple- 
mentation. However, it is mentioned that the computer science method of prob- 
lem-solving (C1, C2, especially C4) is often cooperative. It is also explicitly men- 
tioned that communication and cooperation tools are also used for cooperative 
problem-solving (C4, C5). Examples are: 


m Gather information and communicate electronically with others with support 
from teachers, family members, or student partners. (CSTA p. 13, L1:3.CL 1.) 


m Work cooperatively and collaboratively with peers, teachers, and others us- 
ing technology. (CSTA p. 13, L1:3.CL 2.) 


m Use productivity technology tools (e.g., word processing, spreadsheet, pres- 
entation software) for individual and collaborative writing, communication, 
and publishing activities. (CSTA p. 13, L1:6.CL 1.) 


m Use online resources (e.g., email, online discussions, collaborative web en- 
vironments) to participate in collaborative problem-solving activities for the 
purpose of developing solutions or products. (CSTA p. 13, L1:6.CL 2.) 


m Identify ways that teamwork and collaboration can support problem-solving 
and innovation. (CSTA p. 14, L1:6.CL 3.) 


m Use computing devices to access remote information, communicate with oth- 
ers in support of direct and independent learning, and pursue personal inter- 
ests. (CSTA p.14, L1: 6. CPP 7.) 


(P5) Representing and Interpreting 

Representing and/or interpreting computer descriptions occurs in all Content Do- 
mains and often in combination with other Process Domains. P1 is hardly possible 
without P5. 


m Information can be stored and communicated in a variety of forms, e.g., num- 
bers, text, sound, image, video. (CAS, p. 16, Data, Key Stage 1) 


m Use writing tools, digital cameras, and drawing tools to illustrate thoughts, 
ideas, and stories in a step-by-step manner. (CSTA p.13, L1: 3. CT 2.) 


m Structured data can be stored in tables with rows and columns. Data in tables 
can be sorted. Tables can be searched to answer questions. Searches can use 
one or more columns of the table. (CAS, p. 16, Data, Key Stage 2) 
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Classification of the International Standards in the GI Content Domains 


In contrast to the Process Domains, it is easier to classify the competencies ad- 
dressed in the international standards in the content framework of the Gl, since 
the contents are explicitly listed in each case. 


(C1) Information and Data 

The Content Domain of presenting information in the form of data is taken up in all 
proposals except the conservative New Zealand proposal. However, it is not a fo- 
cus in the approaches. In the implementation of the CAS proposals in the English 
curriculum, the domain has additionally lost importance and is only mentioned 
marginally. In the CSTA, the respective competence is explicitly described. 

In Summary, some approaches describe how children in the lower levels un- 
derstand that different forms of information (text, graphics, images, audio) can be 
represented and processed on computers in the form of binary data. Furthermore, 
they should be able to collect and digitally manage information with different de- 
vices (photos, scans, audio recordings, ...). 

In the second age group, errors in the presentation and ways of dealing with 
them are also discussed. An explicitly mentioned data structure is the table; the 
mentioned procedures are sorting objects (or representations) according to se- 
lected properties and searching and finding digitally managed information. An 
informatics system mentioned in the environment of the representation of distrib- 
uted information is the World Wide Web. 


(C2) Algorithms (and Programming) 

The Content Domain of Algorithms (here supplemented by Programming because 
this domain is mentioned in one breath in many international curricula) forms a 
focus in almost all international developments. There are numerous targeted com- 
petencies and many worked-out examples. 

At the youngest age level, an understanding should first be developed that 
algorithms and programmes are formulated in terms of unambiguous predefined 
instructions. Precise language is needed to describe them. These principles can 
also be observed in the children’s living environment, independent of the imple- 
mentation in informatics systems. The first programming concepts (sequence, 
possibly already repetition, structured breakdown) can be worked out with suit- 
able tools or everyday examples. First, algorithms, such as systematic sorting by 
properties, can be carried out and explored. Children can learn to follow clear in- 
structions according to rules (interpret simple algorithms). 

In the second age group, more advanced programming concepts, such as 
variables, conditional branching and loops should be used. As a rule, program- 
ming algorithms should be introduced with programmable toys and visual pro- 
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gramming environments. The 
need for programming languag- 
es (with pre-defined meanings 
and the possibility of unambig- 
uous formulations) should be 
understood. Also, the process of 
systematic development (struc- 
tured breakdown, use of digital 
tools for problem-solving, devel- 
opment and testing) should also 
already be practised. 


(C3) Languages and Automata 
In the actual sense of GI standards of the concepts of theoretical computer science 
(automata, grammars), there is naturally nothing on this Content Domain in the 
international approaches for lower age groups. There is a recent article about a 
lesson on automata theory for the “primary school”, but it refers to experiments 
in grades 5 to 7 (Isayama, Ishiyama, Relator & Yamazaki, 2016). If the domain is 
interpreted as describing an understanding of the representation of languages 
and their properties, as well as rules and tools for status-driven programming, 
part of the aspects mentioned in the previous Content Domain C2 (Algorithms & 
Programming) could also be assigned here, especially when it comes to the con- 
trol of robots etc. This domain is mainly considered in the UK approach, less so in 
the American or New Zealand approach. 

In Chapters 3 and 4, we formulate some ideas for possible implementation 
(which are not found in this form in the international curricula), e.g., 


m formal structure of rules, e.g., of street names, groups in child-care centres, 
structure of URLs 


m systematic exploitation and configuration of informatics systems as a “for- 
mal” language (PO). 


(C4) Informatics Systems 

The domain of Informatics Systems is again a focal point in all international ap- 
proaches. It is often about recognising components and functionalities, being 
able to exploit them, applying them in a well-founded and reflective manner, 
while exercisingthe necessary caution (interface to the following Content Domain, 
‘Computer Science and Society’). A large part of the competencies associated with 
this Content Domain is closely linked to the newly proposed Process Domain PO 
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‘Interacting and Exploring’. Allin all, the relations to IT literacy and sound user 
skills are obvious here; skills that naturally form a focus in the young age groups 
and are a fundamental prerequisite for computer science skills to be developed 
further, unless they are pursued purely “unplugged”. 


(C5) Computer Science and Society 
The Content Domain ‘Computer Science and Society’ is found in all international 
approaches with a focus on safe and ethically correct use of informatics systems, 
especially the World Wide Web and social media available on it. Children should 
first learn that it is important to consider to whom one discloses which data and 
behind which actions dangers may lurk. They should learn to turn to parents and 
teachers in case of doubt. On the other hand, they should understand that there 
are people at the other end of the communication channel and that communica- 
tion rules therefore also apply when interacting with programmes. 

The Content Domain also includes recognising how much everyday life is per- 
meated by informatics systems. They should learn to identify informatics systems 
and perceive their roles. 


2.6 Results/Conclusion 


The studies on children in a digital world mentioned in section 2.1, show that 
while children are generally confident in their use of informatics systems, they 
are often unaware of the underlying principles and therefore cannot always prop- 
erly assess the consequences of their actions. In addition, their media use is 
largely consumptive (using media offers on the Internet, watching videos, playing 
games). They neglect the possible constructive and creative opportunities to cre- 
ate something new with and within informatics systems and to shape their digital 
world in a meaningful way. In our opinion, a special role of schools and possi- 
bly also child-care centres could be to promote and point out further possibilities 
and types of interaction in addition to the predominant consumption activities. 
Moreover, interactions could not only be experienced in isolation and individually, 
they could be experienced by parents and children together, so that the experi- 
ences can be verbalised and processed, as well as reflected on and classified in an 
age-appropriate way. 

The learning-psychological preconditions that have been established speak 
for the fact that computer science education in child-care centres and in primary 
school makes sense and is possible. Children are in principle cognitively capable 
of grasping, understanding and implementing selected concepts of computer sci- 
ence. They can be enthused about aspects of computer science, and this applies 
equally to boys and girls. 
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In addition, there are a number of tried and tested learning tools for different ap- 
proaches that seem fundamentally suitable for use in child-care centres and pri- 
mary schools. Accesses with and without computers, tablets and smartphones 
can be used. Often, programmable toys enable experiences in the creative, design 
and programming handling of technical devices, which can be explored and in- 
vestigated in a playful way. Alternatively, micro-worlds and development environ- 
ments with visual, block-oriented programming languages are available. These al- 
ternatives offer children the opportunity to actively explore phenomena of a world 
shaped by informatics systems at an early stage and to experience the first steps 
of a computer-science mindset. 

So far, little research has been done on which competencies should be target- 
ed in the young age groups as a pre-requisite for a continuous school-based com- 
puter science education. Nevertheless, some progressive international education 
systems are currently introducing computer science education as a continuous 
compulsory subject in primary and secondary education to provide learners witha 
computational mindset and problem-solving skills using computer science meth- 
ods at an early age. This way of thinking qualifies the learners both for well-found- 
ed and reflective handling of informatics systems and for the use of informatics 
systems to creatively shape their own life-world. We have compiled the intended 
competencies of the principles, standards and curricula from Great Britain, the 
USA, New Zealand and Switzerland, analysed them in detail and placed them in 
the framework of the competence structure model for computer science education 
established in Germany (GI - Gesellschaft für Informatik e.V., 2008). An important 
finding of this analysis and classification was the extension of the given GI model 
by a further Process Domain, which describes the interaction and exploration of 
informatics systems and computer science methods. 

The resulting extended competence model is used in chapters 3 and 4 to pres- 
ent the goal dimensions for children and educators in a structured way and to 
discuss them using specific examples and implementation proposals. 
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3 Goals at the Level of the Children 


The following goals at the level of the children describe possible goal competen- 
cies that can be achieved by children in child-care centres and primary schools 
through appropriate measures. The structure of these goals is based on Weinert’s 
concept of competencies. According to this, competencies are 


“the cognitive abilities and skills available or learnable by individuals 
to solve specific problems, as well as the associated motivational, vo- 
litional and social readiness and abilities to be able to use the problem 
solutions successfully and responsibly in variable situations” (Weinert, 
2001, p. 27). 


In terms of computer science competencies, these correspond to the necessary 
cognitive abilities and skills, which can be both specific to computer science and 
interdisciplinary and include motivational, volitional and social readiness and 
skills. 

In order to represent competencies in a structured way, competence models, 
especially competence structure models, are used. Typically, this structure of a 
competence model is oriented towards the requirements to be fulfilled. The dif- 
ferent “competencies and sub-competencies are primarily defined according to 
the content of the relevant tasks and the requirements to be met in order to solve 
these tasks” (Hartig & Klieme, 2006). 


Figure 25. Goals of computer science education at the child-care centre and primary school 
level 


3 Goals at the Level of the Children 


The model presented below is based, among other things, on the model for early 
mathematical education formulated by Benz et al. (2017) and transfers overarch- 
ing basic skills, motivation, interest and self-efficacy for dealing with informatics 
(systems), as well as computer science competencies (Benz et al., 2017). The lat- 
ter is described in the form of a competence structure model, which, as explained 
in Chapter 2, is based on the GI recommendations for standards in computer sci- 
ence at the junior secondary level (GI — Gesellschaft für Informatik e.V., 2008). 
The draft for educational standards for the final stage of the senior secondary 
level, which was adopted by the Gesellschaft fiir Informatik concurrently with the 
preparation of this report, has also adopted this structure of Process and Content 
Domains. The proposal for GI recommendations for the primary level also adheres 
to the established structure of the first-mentioned standards (GI - Gesellschaft für 
Informatik e.V., 2008). From the authors’ point of view, it therefore makes sense 
to try to adopt this structure largely for the elementary and primary level in order 
to ensure connectivity for the competence models of the secondary level. In ad- 
dition, however, the international discussion and the international curricula on 
computer science education, especially at the primary and elementary level, will 
also be taken into account. The relevant results of our analysis in Section 2.4 of 
this expert report and fundamental considerations on a computer science explo- 
ration and design circle have prompted us to expand the established structure of 
the GI educational standards to include the process dimension PO ‘Interacting and 
Exploring’. 


3.1 Overarching Basic Competencies 


Figure 26. Overarching basic competencies 


The basic competencies listed below are not the exclusive goal competencies 
of computer science education. On the one hand, they can influence processes 
of computer science education, while on the other hand, they can be promoted 
by learning activities within the framework of computer science education. This 
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applies above all to the areas of problem-solving competence and social compe- 
tence. 

Since, with the appropriate level of competence, these subject-independ- 
ent basic competencies can positively influence the computer science learning 
process, they may also be relevant as control variables in the accompanying re- 
search. The overarching basic competencies comprise three categories: cognitive, 
linguistic and social competencies. 


3.1.1 Cognitive Competencies 

Cognitive competencies in the sense of general intelligence or attention play a 
role in all types of learning. It can be assumed that correspondingly strong early 
influences also have an influence on the learning of computer science content, 
especially in the area of problem-solving. Cognitive competencies are therefore 
suitable as control variables within the framework of an evaluation. 


3.1.2 (Written) Linguistic Competencies 

The acquisition of computer science competencies is closely linked to the devel- 
opment of computer terminology, which includes numerous anglicisms (comput- 
er, hardware, software, ...). Even children who do not know English can acquire 
these concepts if they are introduced to them by educators who serve as role mod- 
els. Here, itis essential that the early childhood educators are acquainted with the 
terminology and use it consistently. Currently, there are no specific measurement 
tools to assess language development in computer science. 


3.1.3 Social Competencies 

Social competencies always play a major role when learning and working in a 
team or in groups. This is because this form of learning and working has a key 
function in computer science in particular, be it in the joint processing of prob- 
lems, pair programming or the discussion of, for example, the evaluation of a sys- 
tem, software, etc. or the assessment of social and ethical framework conditions. 
Social competencies are always also a goal of computer science, since they are 
needed for the typical project-like forms of learning and working and are thereby 
promoted. 


3.2 Motivation, Interest and Self-Efficacy of Computer 
Science 


As presented by Benz et al. (2017) for early mathematical education, the psycho- 
logical constructs “motivation” and “interest” are considered as closely related 
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and grouped under the umbrella term ‘motivation’ (Anders, Berwanger, & Stiftung 
Haus der Kleinen Forscher, 2013a, 2013b; Benz et al., 2017; Schiefele, 2009): 

Interest refers to a clearly delimited Content Domain (e.g., on football, but- 
terflies, classical music or surprise eggs), whereas motivation aims at an action 
to be performed. Individual interest is a permanent, dispositional characteristic 
of the individual. For school age children, interests for individual school subjects 
(and thus Content Domains such as mathematics, social studies and science in 
primary education/natural sciences or technology/computer science or similar) 
can certainly be identified. For pre-school age children, the authors consider such 
specific interests to be rather unlikely, unless there are exceptional abilities and 
associated interests (e.g., in sports or playing a musical instrument). 

Motivation, however, which in literature is often equated with “situational 
interest” (Seel, 2003) (e.g., to perform a certain action), is a common driving force 
even at pre-school age. But motivation is not triggered by interest immanent to 
personality, but arises in pre-school age from the play experience, from the stim- 
ulus of the game itself, as well as from the emotional closeness to the playmates. 
Especially for computer science lessons, this offers the possibility to deal with 
informatics systems and concepts in a playful way. A positive or negative attitude 
towards individual games or game types and forms is only likely to develop in the 
course of play experience, which is conditioned by the positive or negative expe- 
riences in comparative situations. According to the authors, situational interest 
in computer science is not to be expected at pre-school age but can develop at 
primary-school age if subjects are considered important (Benz et al., 2017). 


Figure 27. Motivation and interest 


The constructs discussed in detail in Benz et. al. (2017), ‘motivation’, ‘interest’ 
and ‘self-efficacy’ can be assumed analogously for the subject of computer sci- 
ence (Benz et al., 2017). However, there are far fewer reliable findings from corre- 
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sponding studies for computer science, since computer science basics have hard- 
ly been institutionally laid down at the pre-school or primary level so far. 

There are some studies on self-efficacy in the context of pure computer use 
that compare the attitudes of pre-school children with those from primary school 
(grade 2): “Overall, children express positive attitudes towards computers (M = 
3.23, SD = 0.56). Significant differences in attitudes (...) towards computers were 
found for gender (in favour of boys), grade level (in favour of the older children 
in grade 2) and socio-economic status (in favour of the children from a lower 
socio-economic neighbourhood, Southside)” (McKenney & Voogt, 2010, p. 16). 
Vekiri & Chronaki (2008) found similar results for primary schools. 

The advantage of computer science is that it is always possible to engage 
with informatics systems age-appropriately in a playful way, since informatics 
systems and the concepts of computer science realised in them can be represent- 
ed in the form of toys (cf. Section 2.3). Like the authors of the mathematics expert 
report, we believe it makes sense to engage in computer science in a playful way, 
e.g., through programmable toys (Benz et al., 2017). This mainly applies to pre- 
school age but also to primary school: “Basically, it can be stated for pre-school 
age that the playful approach is genuine for children, while training programmes, 
on the one hand, cannot develop motivational power and, on the other hand, are 
not more effective than the playful approach” (Benz et al., 2017, p. 47; Hauser & 
Rechsteiner, 2011; see also Pauen & Pahnke, 2008). 

The authors are aware of only one study that examined the influence of ex- 
tracurricular measures for computer science education on the development of 
self-efficacy. In his dissertation, Leonhardt found measurable differences be- 
tween boys and girls with regard to their basic attitudes towards technology and 
computer science (Leonhardt, 2015). To compensate for these differences, he 
designed targeted didactic measures for girls aged 11-12 years and has empir- 
ically proven medium to strong effects of strengthening their self-efficacy. These 
measures consist of an intervention workshop (2-day robot programming courses 
for girls in their schools) and private follow-ups (3-day advanced programming 
workshops) during the holidays to stabilise the incipient individual interest. The 
empirical pre-study and post-study of the intervention workshop, together with 
that of the follow-up workshop, provided findings regarding the continuation and 
stabilisation of effects on the technical, computer-science self-concept as well as 
on expectation of self-efficacy and the conviction of control in dealing with tech- 
nology. A stabilising emerging individual interest is evident among the partici- 
pants after the follow-up workshop. There is a strong desire to deal with the sub- 
ject matter again and again, i.e., the prerequisite for a stable personal interest in 
the subject matter exists. The intervention measure is a first step towards levelling 
the emerging gender difference in the self-concept in dealing with technology and 
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computer science and shows that the gap between environmental socialisation 
taking place and measures promoting interest starting too late can be closed. The 
studies give reason to believe that early and continuous computer science educa- 
tion can prevent gender differences with regard to the expectations in self-efficacy 
and interest in computer science from developing in the first place. 


Recommended target aspects for computer-science self-efficacy 

For the development of a positive computer-science self-concept, it is beneficial 
that children have positive experiences when dealing with computer-science con- 
tent. Tasks that are close to reality are suitable for this purpose; they must not 
overburden, but also not under-challenge. Through the playful handling of these 
tasks, children can expand their computer knowledge and gain experience with 
computer representations and regular processes. They discover that the concepts 
they have learned and their understanding of typical processes are suitable for or- 
ganising and grasping the (virtual) world of informatics systems. This gives them 
confidence to explore and help shape the (digital) world. They feel the effective- 
ness of their actions, which increases their sense of self-efficacy. According to 
attribution theory, for feedback, successes should be attributed to one’s talent 
in order to build or maintain a high self-concept, while failures should rather be 
attributed to a lack of effort or external factors (Leonhardt, 2015). 


3.3 Computer Science Competencies of Children 


In the following, the Content Domains and Process Domains for characterising 
computer science competencies at the level of the children are described. In this 
way, important goals for computer science education for this age group can be 
presented. This description is closely related to the corresponding goals for ear- 
ly childhood educators and primary school teachers. In section 4.3, the Content 
Domains and Process Domains are therefore revisited and specified, taking into 
account specific requirements for this target group. 

Content Domains characterise the computer-science content to be acquired 
by the children. Process Domains describe the way in which children are expected 
to master this subject content (see GI - Gesellschaft für Informatik e.V., 2008, 
2016a). In other words: Content Domains describe what children should learn 
about computer science, and computer science processes describe how computer 
science is to be “done/executed”. The Content and Process Domains presented 
here result, on the one hand, from the educational standards for computer sci- 
ence and, on the other hand, from the analysis on which the previous chapter 
was based. There, the authors of this expert report came to the conclusion that it 
makes sense to supplement the computer science processes described in the Gl 
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recommendations for educational standards for computer science with the area 
of Applying and Exploring (PO). In principle, all Content Domains can be combined 
with all Process Domains. 


Process domains 
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Figure 28. Interlinking Process and Content Domains for the representation of computer 
science competencies 


3.3.1 Content Domains 


Information and Data (C1) 


In computer science, the systematic presentation and automatic processing of 
data as a carrier of information plays a central role. Information is understood 
as the context-related meaning of a statement, description etc., while data is the 
presentation of information in a formalised way. It is thus suitable for communica- 
tion, interpretation and processing. 

Data can code information in various forms of presentation (images, texts, 
symbols). A representation in a programme is in each case a string of characters 
that follows a fixed syntax in order to be automatically processed and interpreted. 
Examples that are likely to be familiar to children are Morse code, sign languages 
such as flag signals or Braille. At the level of computer science, binary code plays 
a major role. Data are represented as binary code, which in turn can be converted 
into on and off signals at the physical level. 

Data becomes information when it is interpreted in a context of meaning. A 
familiar example from the learners’ environment is letters and words composed of 
these letters (data) and the meaning of the words (information). Another example 
are pictures composed of e.g., many pixels. 
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Children should be able to understand the connection between information and 
data and distinguish between representational form and meaning. When translat- 
ing information into certain forms of representation (data), e.g., SOS into Morse 
code, children carry out the process of representing or, conversely, interpreting 
(P5). Children can represent things according to properties they have chosen 
themselves (P1), e.g., to order them (P3). 


Algorithms and Programmes (C2) 


The term algorithm is a central concept in computer science. It describes specific 
instructions for action in a fixed sequence, which are necessary to solve a problem 
or achieve a goal. For the goals at the level of the children, this means that they 
encounter algorithms by solving and describing age-appropriate problems with 
the help of instructions for action. These can be simple tasks, such as finding a 
way through a maze, or more complex problems, such as sorting data. 

In the children’s world, rules of action can be found, for example, as rules 
for games, step sequences for tying shoes or brushing teeth, painting instruc- 
tions, directions, cooking recipes, etc. They can read and interpret these rules in 
different forms of representation, e.g., graphically, as text or in a programming 
language (P5) and thus execute and explore them symbolically (PO). Furthermore, 
such instructions can be extended both colloquially and by own self-invented 
rules (P1). 

Depending on the age of the children, they can already work out forms for 
representing algorithms. Instructions for action can be in the form of symbols 
(building blocks, cards, e.g., to control a robot) or later in the form of precise 
written instructions (link to C3). The introduction can be “unplugged”, by using 
simple symbols on paper and putting them in the right order, e.g., to control a pa- 
per robot. In further stages, age-appropriate (e.g., visual) programming environ- 
ments can also be used. Basic programming concepts, such as e.g., sequences, 
conditional instructions and loops/repetitions can be worked out with children 
(cf. children’s website of “Haus der kleinen Forscher” Foundation http://www. 
meine-forscherwelt.de/, ScratchJr, AgentSheets). They can also find mistakes in 
given sequences or add to/complete them in order to solve a task. An important 
insight should be that clear and unambiguous formulations, as well as exact and 
similar execution is important. Furthermore, children should learn that they them- 
selves can design processes in a virtual world by adapting and further developing 
algorithms (P1). 


Languages and Automata (C3) 


Languages are known as a means of communication between humans but also 
between humans and informatics systems (input and output), as well as between 
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different informatics systems. In computer science, language is a formalised rep- 
resentation of information. Such formal language that follows a fixed syntax is 
the prerequisite for machine processing by automata (see GI - Gesellschaft für 
Informatik e.V., 2008). 

Children know automata, for example, in the form of toy cars, ticket or bev- 
erage machines, smartphones etc. They are state-based systems that read and 
process an input. If a vending machine receives an input, it changes its state. In 
this new state, it can process information and then output something or wait fora 
new input, for example. Both would lead to a change of the state again. 

Children learn that these automata can be controlled specifically by inputs 
and that automata are always in a certain state. To communicate about states of 
automata, graphical representations of state transitions can be used. 

The goal of computer science education should be for children to understand 
automata from this computer science perspective. This means that they can recog- 
nise states and state transitions in everyday situations (P1) and, if necessary, also 
represent them graphically (P5). 


Informatics Systems (C4) 


It is impossible to imagine everyday life without informatics systems. Every wash- 
ing machine or even coffee machine often already contains an informatics system. 
Even small children play with smartphones and tablets and make intuitive, playful 
experiences with informatics systems (PO), although they do not always recognise 
them as such (games console, smartphone, television). Informatics systems are 
specific assemblies of hardware and software components for solving one or more 
problems (P1) and, if applicable, input and output devices. This can already be 
the small toy robot that can be controlled with the help of different buttons or a 
doll that can be put into different modes via settings and thus play different music 
(reference to P1 and C2, partly C3). In contrast to the abstract concept of automata 
described in the previous section, informatics systems are concrete realisations 
that children can interact with to have concrete experiences (PO). 

Informatics systems are often networked and communicate with each oth- 
er via technical communication protocols (reference C3) or with other technical 
components of the system via actuators and sensors (embedded systems). ‘Com- 
munication’ with the users of the system is also important. This is done via user 
interfaces (e.g., display) that enable humans to ‘communicate’ with and control 
the informatics system. This is called ‘man-machine communication’. This is an 
essential prerequisite for the efficient use of the system. Therefore, informatics 
systems are often also referred to as socio-technical systems, since the social ac- 
tion systems of interacting persons associated with the system must be taken into 
account when modelling and designing the system (Magenheim, 2008; Ropohl, 
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1999). Didactic concepts of computer science, such as the ’system-oriented ap- 
proach’ or ‘computer science in context’, attempt to take this social component 
of informatics systems into account in learning processes related to computer sci- 
ence (Koubek et al., 2009). 

The construction and handling of these systems (reference to C5 and PO) is 
part of computer science education. What are the components of informatics sys- 
tems? How do they interact? What functions are realised by which components? If 
problems occur, how can they be limited and solved? 

However, computer science takes us even further behind the “scenes”. How 
does the input and output work, i.e., how does communication come about in 
computer science (reference to C1 and P5)? Here, in particular, the input-process- 
ing-output principle, or IPO principle for short, plays an essential role. The input, 
which is made via an input device, is processed by the computer system. The sys- 
tem responds, for example, with an output on the monitor. It quickly becomes 
clear that, when looking at an informatics system, in addition to the hardware, 
the software also plays a role. There are thus different operating systems, often 
with similar basic structures and other software that already plays a role in chil- 
dren’s everyday lives. Basically, children have to learn that informatics systems 
work with electricity (C1), how programmes are started and closed down without 
data loss (PO) and that logging into a system can play a role. 

Another important aspect is networking of informatics systems up to the In- 
ternet. Its structure and functioning should also form part of the contents of com- 
puter science education. An understanding of the structure and functioning of the 
Internet supports, for example, the explanation of phenomena such as the freez- 
ing of videos on the Internet. It helps to understand whether data is located locally 
on one or Several servers on the Internet. The question of whether data is located 
on one’s own computer or on a Server on the Internet is an essential basic comput- 
er science competence. The interconnectedness of informatics systems becomes 
clear when children, for example, send each other messages or use digital cam- 
eras, transfer pictures to computers and then process them further with graphics 
and drawing programmes. Child-friendly cameras have an editing function already 
integrated, which makes it clear that cameras are also computer systems. 

An essential prerequisite for the development of IT systems is the competence 
to explore them systematically and to develop a suitable mental model of the sys- 
tems (PO). In this context, the realisation that informatics systems are adaptive 
(P2) and thus suitable for creative action and expression plays an essential role. 
This enables the transfer of knowledge to different systems and lays the founda- 
tion for the competent use of informatics systems for the desired purpose. Related 
to this are questions of how children use systems safely and in which cases they 
turn to which persons to report events in the digital world. Finally, motor skills for 
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using gestures or input devices 
must also be learned. 


Computer Science and Society 
(C5) 

The increasingly far-reaching 
role of informatics systems in our 
world has a significant impact 
on our society. Some of these 
aspects should also be part of 
early computer science educa- 
tion. In this way, it is possible to 


discuss positive and negative so- 
cial behaviour with children, also 
when dealing with technology and social media. Further ethical aspects, such as 
legality in dealing with informatics systems, can form part of computer science 
education. How can | protect my personal data? Why do | need to protect it in the 
first place? Why should I use an envelope when sending mail? These are also im- 
portant aspects of dealing with informatics systems that should be taught as early 
as possible. 

Furthermore, the role of informatics systems in everyday life can be dis- 
cussed. What is the significance of these systems for our daily routine (especial- 
ly that of the children)? What impact can these have? What significance do they 
play in the professional world and in which professions does computer science 
play a role? Children should recognise how the world is permeated by informatics 
systems. They should understand the principles of computer science on different 
informatics systems, such as camera, smartphone or toys and thus understand 
the basics of the progressive integration of media and systems (TV, smartphone). 

An important competence is first to learn to distinguish between people and 
informatics systems and to identify when people are involved through the medium 
of informatics systems and when a programme is involved (P2). Last but not least, 
connections should be drawn from computer science to other sciences such as 
electrical engineering or physics (P3). 


3.3.2 Process Domains 

For our competence model, we adopt the five Process Domains mentioned in the 
GI proposals for educational standards for the junior secondary level and senior 
secondary level, as well as in the GI draft for the primary level, in order to enable a 
direct connection to the established competence models for the secondary level: 
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(P1) Modelling and Implementing 
(P2) Reasoning and Evaluating 

(P3) Structuring and Interrelating 
(P4) Communicating and Cooperating 
(P5) Representing and Interpreting 


As justified in Section 2.4, we add the additional Process Domain 


(PO) Interacting and Exploring 


This additional Process Domain illustrates that the basis of competent use is sys- 
tematic and active exploration. 


Interacting and Exploring (PO) 


Playfully exploring and trying out objects in their everyday world is an essential 
element of children’s leaning processes (see Sachser, 2004). They literally ‘grasp 
by grab’ such objects and acquire a rudimentary mental model of their techni- 
cal functions and possible ‘inner life’ through playful interaction with them (see 
Schwarzkopf & Zolg, 1997; Zolg, 2006). The findings of learning psychology on 
how children deal with simple technical artefacts can also be used for learning 
with and about age-appropriate computer systems (e.g., Bee-Bot, ...). By inter- 
acting with and exploring informatics systems, children can gain initial access 
to these systems. If these experiences can be systematised for children in mod- 
erated learning processes, they can create the basis for a deeper insight of the 
children into the function and structure of such systems. 

In addition to the learning-psychological justification of this Process Domain, 
there are also numerous subject-didactic and subject-scientific arguments that 
justify the relevance of this Process Domain for computer science education. Nu- 
merous international approaches for early computer science education, e.g., Life- 
long Kindergarten at MIT (Resnick, 2013) or the CAS initiative in Great Britain (cf. 
Section 2.4), contain ‘Tinkering’, the playful exploration of informatics systems, 
which is a methodological concept comparable to the Process Domain PO ‘Inter- 
acting with and Exploring of Informatics Systems’. 

In the subject didactic discussion, there are numerous approaches that at- 
tach great importance to the exploration and use of informatics systems in com- 
puter science education. In the application-oriented (Körber & Peters, 1988) and 
in the use-oriented approach (e.g., Forneck, 1992) of computer science didactics, 
the reflected use and application of informatics systems is seen as relevant for 
learning processes in computer science education. In the system-oriented di- 
dactic approach, the externally visible function and the internal structure of in- 
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formatics systems should be systematically explored by means of the method of 
deconstruction (Magenheim, 2008). Similarly, in the subject didactic approach to 
duality reconstruction, the learners’ everyday experiences with informatics sys- 
tems are to be linked to, and the duality of structure and function of digital arte- 
facts is to be explored through systematic use (Schulte, 2009). In Stechert’s sub- 
ject-didactic approach, too, the exploration of informatics systems should allow 
conclusions to be drawn about their inner structure from their externally visible 
behaviour (Stechert, 2009). 

Finally, subject-didactic competence research in computer science has identi- 
fied the ability to explore and use informatics systems as an essential prerequisite 
for understanding them (e.g., Magenheim et al., 2010). 

From a subject-specific perspective, the constant technical change in the field 
of informatics systems necessitates that both experts and laypersons interact 
with and explore them. Laypersons should be enabled to understand the function- 
ing of informatics systems by means of user-friendly interfaces and, if necessary, 
to configure them according to their specific needs. This form of competent use 
of informatics systems is thus increasingly becoming part of general education. 

When developing new informatics systems, experts usually first explore an 
already existing system and its context of use in order to recognise its basic func- 
tioning and design principles. Based on these findings, new system components 
can then be constructed or the system as a whole can be further developed. 

From a general educational perspective, exploring and using informatics sys- 
tems opens up the possibility for children to build up a mental model of informat- 
ics systems that can be systematically expanded and redefined in the course of 
further learning processes. This also puts them in a position in the future to deal 
with new software or new technologies and, if necessary, with new interaction 
patterns, and to understand technical changes in a reflected way as an opportu- 
nity and a risk. In this way, children are enabled to act competently in the course 
of their lives, also in the use and application of future IT systems, and to derive a 
benefit from new technologies. 

Of course, the competencies of this Process Domain can hardly be realised 
“unplugged” because it is precisely about the interaction with informatics sys- 
tems (C4), whose use is to be observed and about whose behaviour assumptions 
can be made (P1, P5), which then have to be validated. 


Modelling and Implementing (P1) 


Modelling and Implementing are the central components of the software develop- 
ment cycle and thus a core process of computer science. In software development, 
the initial situation and a problem therein is analysed, usually several computer 
science models are designed with an increased degree of formalisation, which 
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are finally implemented, tested and reflected on an informatics system. All other 
Content and Process Domains are usually closely linked to this. 

In modelling, relevant aspects of reality or those of a planned informatics 
system that is to change reality are represented by abstraction for a specific pur- 
pose. For this purpose, a requirements analysis is carried out to examine facts and 
processes from a computer science perspective. The aim is to describe the essen- 
tial and generalisable components and parameters of a system, as well as their 
interrelationships as clearly as possible. In additional modelling steps, further 
increasingly formal, textual and/or graphical models are designed by a structured 
break-down of the initial problem, the identification of technically representable 
subcomponents and the construction and networking of the components into a 
system architecture. 

Through implementation, a formal computer science model is described on 
an informatics system (usually in one or more programming languages) in such 
a way that it can be executed on such a system. In addition to the actual pro- 
gramming, this process step also includes the systematic testing and assessment 
of the created solution according to functional and non-functional criteria (eval- 
uation), as well as the reflection of the system in the context of use (validation), 
which evaluates its possibilities and limitations and often leads to new require- 
ments and a next iteration of the modelling and implementation cycle. 

At the level of children in elementary and primary education, the aspects of 
professional software development cannot be fully taken into account. However, 
it is possible to break down the initial problem into smaller problems (C4, P3) and 
to identify components, depending on the task. Initial problems or tasks come 
from children’s experience. The same applies to the structured presentation of 
solutions (C2, C3 and also P5). The aim is not to formally describe informatics 
systems for solving tasks, but to adopt computer science perspectives and use 
modelling steps for everyday tasks and for describing everyday phenomena. In 
addition, children should acquire the competence to “read” (e.g., C3) and inter- 
pret (P5) simple computer science (often graphical) models in order to solve a 
task. Furthermore, they should reflect on their own or given model descriptions. 
How does the behaviour change when a part of the model description is changed? 
How must a description change in order to achieve a certain effect? 

The first steps of implementation can also be carried out in special, 
child-friendly working environments (ScratchJr, MicroBits etc., cf. Section 2.3). 
The focus is especially on programme creation and its methods and ways of think- 
ing. These can already be included in computer science education at the elemen- 
tary and primary level. Small programmes can be created or finished programmes 
can be adapted by implementing algorithms in a suitable, child-friendly (usually 
visual) programming language. In addition, these can be easily checked for cor- 
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rectness, as the products created can be experienced and compared with one’s 
own expectations of the system. A great advantage is that informatics systems 
themselves provide feedback to the children. Implementation can also take the 
form of physical elements, such as blocks or cards (unplugged). However, execut- 
ing one’s own implementation is then no longer possible. The system itself can 
then no longer provide feedback and can no longer be checked and validated for 
correctness as easily. 


Reasoning and Evaluating (P2) 


As a rule, there are fundamentally different ways of solving tasks or problems us- 
ing computer science methods. Therefore, computer science contexts, procedures 
and approaches to finding a solution must always be explained and justified. Only 
in this way, for example, can different approaches, solutions or systems be com- 
pared with each other and evaluated according to different criteria. This requires 
that technical language is learned together with general communication and ar- 
gumentation skills and should lead to the reflective use and adaptation of infor- 
matics systems. 

Children should justify decisions appropriately, assess computer science is- 
sues according to values of the subject and form their own opinions. This requires 
knowledge of the terminology, rules, methods and procedures, as well as an un- 
derstanding of computer science. Reasoning involves the conscious considera- 
tion and weighing up of the advantages and disadvantages of different computer 
science approaches (C2) or representations (C1). Evaluating presupposes one’s 
own position with regard to computer science facts on the basis of appropriate 
evaluation criteria and standards (C5). 

For the children, this means that they learn by means of specific examples to 
ask questions and make educated assumptions about computer science contexts 
and to check these on the informatics system (also part of PO). With the help of 
simple criteria, they can evaluate computer science facts. 


Structuring and Interrelating (P3) 


When structuring, individual components of facts or processes must be recog- 
nised and related to each other. This refers to various areas of computer science. 
For example, information can be organised and data can be structured for specif- 
ic access and processing (C1), sub-problems can be constructed and/or broken 
down (C2), or sub-functions or components can be described (C4). Various kinds 
of connections can be made within and outside of computer science (C5). The cre- 
ation of planning processes also falls into this area. In computer science, complex 
requirements are often processed using computer science tools, which include 
structuring and interrelating in particular. 
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For children, this means that they playfully learn the first steps of breaking down 
facts or processes, with the aim of structuring and solving tasks in partial steps. 
First arrangements of everyday objects can be made on the basis of criteria, e.g., 
assigning children to learning groups or classes. Vice versa, children can explore 
structures and connections using examples of their everyday world. 


Communicating and Cooperating (P4) 


This Process Domain is usually a matter of didactic approach and is thus interdis- 
ciplinary. Nevertheless, it plays a special role in computer science education. On 
the one hand, communication can take place via computer science contents. On 
the other hand, communication can also take place with the help of an informatics 
system as a medium. Joint work can also be conducted without an informatics 
system, e.g., when working together on a computer science problem in a team. 
But also here, for example, the joint work on a text can take place with the help of 
an informatics system. 

Selected according to age, children can get to know/deepen/expand the 
various possibilities of communicating and cooperating. Multi-touch devices and 
learning programmes adapted to these devices can play a special role. As a com- 
petence in computer science education, children should learn to represent their 
thought processes when solving computer science tasks in colloquial language 
and increasingly also with terms of a technical language in order to understand 
them vice versa. This forms the basis for collaboratively solving computer science 
tasks. 


Representing and Interpreting (P5) 


In computer science, there are various graphical and textual forms of representa- 
tion of an informal, semi-formal or formal nature for different problems and ap- 
proaches. At the level of the children, age-appropriate forms of representation 
should be chosen, which the children can use and also interpret themselves. In 
doing so, they can formulate their ways of thinking and proceeding when solving 
computer science tasks. This can be done verbally, by drawing or in writing, us- 
ing different types of representation such as graphs (objects with connections), 
tables or lists etc. They learn to explain computer science facts that are presented 
graphically or in simple, age-appropriate formalisms (telling stories, reproducing 
processes). For this, age-appropriate learning environments can be used (Story- 
telling Alice, Scratchjr.). 


A Goal Dimensions of Computer Science Education 


3.4 Prioritisation of Specific Competence Expectations at 
the Level of the Children 


In the following, goal competencies at the level of the children are listed, which, 
in our view, show the most important age-appropriate links between Process and 
Content Domains. This prioritisation is based on guiding criteria that are oriented 
both to the subject-didactic relevance of the competence area to be selected and 
to learning and developmental psychological criteria. In addition to the subject-re- 
lated computer science competencies, which result from a combination of Content 
and Process Domains, and into which, above all, subject-didactic considerations 
flow, the aspect of teaching general basic competencies and the contribution to 
children’s general education that can be expected with this, plays an important 
role in the recommendation of prioritisation. 

All in all, it should be noted that these recommendations were developed 
primarily from the perspective of computer science didactics on the basis of the 
currently still quite limited research situation. The perspective of elementary and 
primary pedagogy and didactics on this subject area is only just emerging, so that 
the suggestions described in the following should be understood as impulses for 
testing and for developing an educational field of ‘computer science for the ele- 
mentary and primary level’. 

The following considerations also play a = not insignificant = role in the com- 
pilation of criteria for setting priorities: Although computers have played a role in 
media education in child-care centres and primary schools for quite some time 
already, this is primarily a matter of appropriate, critical and reflective media use 
(Gesellschaft fiir Didaktik des Sachunterrichts, 2013, p. 9; Senatsverwaltung fiir 
Bildung, Jugend und Wissenschaft Berlin, 2014, p. 103). However, the central task 
of social studies and science in primary education is to “support learners to un- 
B derstand their natural, cultural, 

social and technical environment 
in a factual way, to explore it on 
this basis in an educationally 
effective way and to orientate 
themselves, participate and act 
in it” (Gesellschaft für Didaktik 
des Sachunterrichts, 2013, p. 9). 
Without computer science ed- 
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ucation, however, these goals cannot (or can no longer) be achieved in a world 
shaped by computers. 

Social studies and science in primary education therefore urgently need inno- 
vations on the topic of ‘computers’: In order to support children in understanding 
their technology-influenced environment and to prepare them adequately for the 
future in this respect, the broaching of the subject of so-called ‘new media’ must 
go beyond application learning and also beyond the teaching of general media 
skills: 


“Within the computer science community (academia [sic!] and industry) 
there is general agreement that computer science is not about how to use 
a computer through the applications that it can execute, but it is about 
knowing how these applications work” (Gibson, 2012, p. 34). 


This goal is in line with the requirements for competence development in social 
studies and science in primary education (see Gesellschaft fiir Didaktik des Sa- 
chunterrichts, 2013, p. 63), so that the future inclusion of computer science ed- 
ucation in the educational areas of the primary level, especially in social studies 
and science in primary education, seems only logical and appropriate with regard 
to technical and social developments. 

The reasons why computer science education beyond media use has so far 
only had a low status in primary schools are manifold and similar to those that, 
in the past, have led to a rather marginal engagement with natural science and 
technical content (see Döbeli Honegger, 2010; Köster, 2006, p. 11). Reasons for 
the rather marginal engagement may be personal fear of contact or an attitude of 
avoidance on the part of early childhood educators and primary school teachers 
but also a lack of competence with regard to computer science content, as well 
as topics and challenges perceived as more urgent in everyday school life. There- 
fore, when implementing IT education in primary schools, inhibition thresholds or 
personal ‘teaching limits’ (Köster, 2006) must be taken into account, which can 
lead to children experiencing ‘learning limits’, even though they themselves are 
interested in content of computer science education. 

In summary, the selected competence areas are prioritised on the basis of the 
following guiding criteria: 


1. Subject-specific and subject-didactic concepts: What is the significance of the 
chosen competence area for the understanding of central concepts of computer 
science and their application in informatics systems? 

2. Learning and developmental psychological aspects: Can concepts of computer 
science be taught at a cognitive level appropriate for the target group? 
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. Relevance to daily life: Can the competence area be presented in an age-ap- 


propriate way in relation to the children’s everyday situation? 


. Motivation: Can the prioritised competence area be presented using an exam- 


ple that is motivating for children? 


. Professional interest: Are the prioritised competence areas suitable to arouse 


the children’s interest in computer science? 


. Self-efficacy: Does the competence area and the chosen example enable the 


children to strengthen their self-efficacy in dealing with informatics systems? 


. General education: Can the competence area and the chosen example contrib- 


ute to children’s general education? 


. Overarching basic competencies: Which basic competencies, such as commu- 


nication and cooperation skills, empathy, problem-solving skills, are promot- 
ed by the chosen competence area? 


. Reference to didactic concepts (primary school, social studies and science 


in primary education, early childhood education): Can the prioritised compe- 
tence area be placed in the curricular context of primary school and in con- 
cepts of early childhood education? 

Existing practical experience: Does the selected competence area already 
show positive experiences in the pedagogical implementation of target group 
specific learning scenarios? 


With regard to the term of general education, we are guided by the concepts of 


Klafki and Heymann: 


Klafki’s concept of general education includes (Klafki, 1993): 


A1: 
A2: 
A3: 


Ability to co-determine 
Self-determination ability 
Capacity of solidarity 


General education means 


A4: 
A5: 
A6: 


Education for all 
Comprehensive education 
Education in the sense of ‘general’ 


Heymann’s concept of general education is defined by (Heymann, 1997): 


A7: 
A8: 


Preparation for future life situations 
Foundation of cultural coherence 
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A9: Building of a world view 

A10: Guidance for the critical use of reason 

A11: Developing a responsible approach to the competencies to be acquired 
A12: Strengthening the learners’ ego 


3.4.1 Explanation of the Prioritised Competence Areas 

The Content and Process Domains can and should be combined. The following 
table shows the individual possible combinations of a Content Domain with a Pro- 
cess Domain. 


Content Domains 


Process Domains 


Figure 29. Combinations of Content and Process Domains. Dark green for combinations that 


are important and obvious to the target group. Light green: Combinations, for which we 
suggest further examples. (These examples are presented in chapters 4 and 5) 


Allin all, to us, the following combinations of Content and Process Domains seem 
to be particularly promising for successful computer science education at the ele- 
mentary and primary level (highlighted in dark green in Figure 29): 


m Modelling and Implementing (P1) of Algorithms and Programmes (C2) 

m Interacting with and Exploring (Po) Informatics Systems (C4) 

m Representing/Presenting and Interpreting (P5) Data and Information (C1) 

m Reflecting on and Evaluating (P2) the Interrelationship of Computer Science 
and Society (C5) 
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For a practical example, there are usually also references to other Content and 
Process Domains. This means: In principle, in specific examples, several Content 
Domains and several Process Domains are involved in varying degrees. The prima- 
ry purpose of the following prioritisation therefore is to focus. 

The prioritisation is first done for the target group of children. It will later be 
carried out analogously for early childhood educators and primary school teachers. 

In the following, we will first work out and justify what distinguishes the four 
selected combinations and why we consider them to be particularly important. 


Modelling and Implementing (P1) of Algorithms and Programmes (C2) 


This area can be summarised - slightly simplified - as programming. However, 
programming is a controversial term, as there are different understandings of 
what counts as programming. 

In the 1940s and 50s, programming problems and tasks almost always re- 
ferred to mathematical problems. In the 1970s, programming was seen as a “fun- 
damentally easy task”: It was thought that one only had to learn the (constructs of 
the) programming language and one could start (engage in). Programming cours- 
es were therefore almost pure language courses in which syntax elements were 
presented one after the other. Then, since the end of the 1970s and the beginning 
of the 1980s, programming has increasingly been understood as a complex prob- 
lem-solving process, which, on the one hand, is about the (technical) solution to 
the problem - and, on the other hand, it is also about understanding the problem 
in the first place (Van Merrienboer & Krammer, 1987). 

Consequently, two activities (and skills) have been distinguished since then: 
1) designing (or modelling) and 2) implementing. In the first step, the problem 
is analysed and an algorithmic solution is designed; this is the design phase. In 
the second step, the solution is transferred into a programming language; the 
implementation or coding phase (see Van Merrienboer & Krammer, 1987). Since 
then, the term programming has often been used in different ways (cf. Figure 30). 


Creating a (programme) 
text in a programming Automating a process 
language 


Designing a socio- 
technical problem solution 


Focus of the work of Tools of computer 


impiementins analgorthm computer scientists scientists 


Figure 30. Views on programming 
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In Germany, a rather narrow understanding seems to be prevalent: The German-lan- 
guage Wikipedia focuses the term programming on the implementation phase: 
“Programming (from Greek programma ‘prescription’) refers to the activity of creat- 
ing computer programmes. This includes above all the conversion (implementation) 
of the software design into a source code and — depending on the programming 
language - the translation of the source code into the machine language, usual- 
ly with the help of a compiler”. The English-language Wikipedia defines the term 
even further: “Computer programming (often shortened to programming, scripting, 
or coding) is the process of designing, writing, testing, debugging, and maintaining 
the source code of computer programmes”.“ These two definitions reflect the dis- 
tinction between design and implementation mentioned above. We understand the 
term in the broader sense (for more details, see Schulte, 2013) and include model- 
ling, implementation, algorithms and programming language. 

The aim is to understand, retrace and be able to develop simple sequences 
of action. This ability is not only useful for the children in the context of computer 
science education but can also be transferred to other educational areas in which 
problem-solving skills are required. 


Examples of competencies expected in this area are: 


m Dealing with rules of action (especially designing, but also reading and com- 

prehension) 

= Children name and formulate action instructions for controlling an 
age-appropriate informatics system (also P5). 

= Children explain and read instructions and procedures for controlling an 
age-appropriate informatics system (also P4). 

= Children design a rule for encrypting messages (data) with age-appropri- 
ate procedures (e.g., Skytale). 


m Implementing (use of a formal notation) 
= Children design instructions/sequences of action using given age-ap- 
propriate building blocks or commands. 


m Simple algorithm (applying and investigating rules of action) 
= Children apply the given procedure to find a faulty part (also P5). 
= Children explain given algorithms. 
= Children execute algorithms step by step (simulate, also P5). 


39 http://de.wikipedia.org/w/index.php?title=Programmierung&oldid=113866966 
40 http://en.wikipedia.org/w/index.php?title=Computer_programming &oldid=537629774 
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Interacting with and Exploring (PO) Informatics Systems (C4) 


Playful exploration and trying things out as an essential element of children’s 
learning can be implemented in particular by combining Process Domain PO in 
relation to informatics systems and their modes of operation. In this process, chil- 
dren should gain experience in order to establish the basis for a deeper knowl- 
edge of the function and structure of such systems. 

Handling a digital artefact is only the basic level of this competence area. The 
focus is on system exploration and goal-oriented interaction, with which the infor- 
matics system or an algorithm is opened up. Exploration also includes adaptation 
and creation, in the sense of end-user design. Knowledge of concepts of computer 
science makes it possible to open up different views of an informatics system or 
a digital artefact. Since not all relevant properties and states of an informatics 
system can always be read directly from the user interface, this is an important 
prerequisite for the system understanding to be developed. 

Interaction as a competence is not limited to handling the system, but in- 
cludes thinking about the meaning of interaction. This can go beyond the individ- 
ual user and the individual use case and relate to a group of people, at a basic lev- 
el, e.g., when choosing a tool for use by one’s own group in the child-care centre. 

Children should not only learn how to specifically deal with a digital artefact 
but also acquire and trust general and transferable strategies to explore an un- 
known system, while also thinking about its possibilities, limits and effects. 

An important aspect of this “exploratory competence” is the insight that most 
artefacts allow for adaptation and adjustment in relation to one’s own wishes, i.e., 
they can be designed by oneself. This then leads to the possibility of being able 
to make these adjustments and to have the confidence to do so. This can involve 
configuration, parametrisation up to smaller programming activities in the sense 
of end-user programming. 

Above all, children should realise that computer science is not only interac- 
tion, i.e., dealing with a system, but also designing and realising ways of dealing 
with it. 


This includes, for example, the following competencies: 


m Exploration (investigating, trying things out with the aim of gaining knowled- 
ge about the digital artefact) 
= Children discover simple functions of particular programmes or websites 
and find them again with repeated use. (also P3) 
= They identify informatics systems in their environment and how they can 
use them to their advantage. (also P2) 
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a The children learn to draw conclusions about the internal structures and 
processes and states of an informatics system, by observing it from the 
outside. (also P2 & P3) 

= Children apply strategies to identify simple hardware and software prob- 
lems that can occur during use. 


m Interaction (recognising, using and adapting paths of interaction) 

= Children use input and output devices in an age-appropriate and con- 
fident manner, especially audio instructions and gestures on touch- 
screens and special symbols. 

= Children use technical tools (such as multimedia applications, text edi- 
tors, web tools, etc.) to present age-appropriate tasks. (also P4) 

= Children navigate between websites by using hyperlinks and construct 
simple queries using search engines. (also C3) 


m Raising awareness (evaluating the artefact or a path of interaction) 
m They learn typical patterns of informatics systems, e.g., the arrangement 
of icons and selection menus and recognise personalised use after log- 
ging on to a system. (also P3) 


Representing and Interpreting (P5) of Information and Data (C1) 


Central to this area is the concept of information, which gives the discipline its 
name - and yet this is difficult to grasp. According to Breier, information is the 
“meaning of a statement, instruction, notification, message, communication or 
the like” (Breier, 2004a, p. 69). In relation to computer science education, Breier 
lists some essential characteristics of information (Breier, 2004a, p. 69): 


m Information does not exist ‘in itself’, but must be represented on a carrier 
medium. 


m For this purpose, a code is agreed between the sender and receiver of the 
information (syntax and semantics). 


m Ifthe representation is destroyed, the information may also be deleted. 


m Information can be processed by processing its representation. 


These characteristics show that a strict distinction is made between two aspects 
of a message: the meaning content, on the one hand, and the form and the rep- 
resentation, on the other (see also Hubwieser, 2007, p. 78). The latter is the 
representation of a message - (only these) representations can be processed by 
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the computer. The former, i.e., only the meaning content, is the information. It is 
(only) accessible to humans or more generally: biological organisms (cf. the fol- 
lowing figure). 


Information 1 Information 2 


Representation Interpretation 


i | 


Representation Processing Representation 


(e.g., textual) (e.g., graphical) 


(by the computer) 


Figure 31. Schematic representation of information processing (according to Breier, 2004a, 
p. 74, Hubwieser, 2007, p. 80, or GI - Gesellschaft für Informatik e.V., 2008, p. 23) 


The representation of information can be understood as data - strictly speaking, 
computers therefore only ever process data, not information. According to the 
scheme, humans gain information by interpreting the changed representation or 
the changed data. 

The competence area Representing and Interpreting Information and Data 
therefore deals with different forms of representation of data or different rep- 
resentations of information. An important question in this context is, for example, 
how information is transformed into digital data and how this data can be trans- 
mitted and interpreted. A specific question is, for example, how pictures get onto 
the monitor or “into the computer”. 


Examples of specific expected competencies are: 


m Represent information (digitise): Children ... 
= are able to explain how information is converted into digital data. 
= can convert decimal numbers, letters and graphics into binary numbers 
and vice versa. 
= can represent (P1) and order (P3) things according to self-selected char- 
acteristics, so that they can find an object with a certain characteristic 
(e.g., colour, form, size) more quickly. 
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= collect data on a task and represent it by using child-appropriate com- 
puter science tools (editors, digital cameras, drawing tools, concept 
maps) to construct thoughts and stories step by step. 

= learn to represent answers to questions as a series of yes/no decisions. 


m Process data: Children ... 
= recognise that data can be represented, stored, processed and transmit- 
ted by an informatics system in different forms, e.g., as texts, pictures, 
videos, audio, combinations of these, ... 
= analyse the steps involved in encrypting messages (data) with age-ap- 
propriate procedures (e.g., Skytale). 


m Interpret data: Children ... 
= can recognise and identify errors in binary data. 
= can explain that the Internet contains a very large amount of data. 


Reflecting on and Evaluating (P2) the Interrelationship of Computer Science and 
Society (C5) 


One reason for introducing computer science lessons in early childhood is the 
changes that digitalisation is bringing about in many areas of life: in the so-called 
effects of technological progress or the penetration of the life-world with digital 
artefacts — and in the scientific discipline that provides the knowledge and skills 
to develop these artefacts. But what is the relationship of computer science, hu- 
man beings and society? 

Often, only a general connection is assumed, when discussing this field: 
Computer science and society or technological progress as the driving force of 
societal change - but such technological determinism cannot adequately explain 
the changes. Rather, there seem to be complex interactions between computer 
science, people and society. 

An interesting attempt to structure these interactions has emerged in the pro- 
ject ‘Contextual Computer Science’. The core idea is the following: “Technology 
development is expressed not only in the respective artefacts, but also in what we 
call socio-facts (written and unwritten laws and agreements) and cogni-facts (fol- 
lowing Foucault’s ‘technologies of the self’, i.e. competences, methods and thus 
also techniques in the original literal sense)” (Engbring & Selke, 2013, p. 113). 

According to this approach, not only new digital artefacts (=technical prod- 
ucts) but also other “products” are created in the process of techno-genesis: At 
the level of society, new rules, laws, ways of interacting with technology (and, 
through this, also the interaction between people) emerge - and at the level of 
the individual, new sources of knowledge, skills and ideas emerge. These differ- 
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ent processes and products penetrate and influence each other - and influence 
the process of genesis of new artefacts and technologies and thus the shaping of 
everyday life or the life-world. 

This view of techno-genesis initially simplifies and structures the process 
but is neutral in terms of content. The authors propose to look at the areas work, 
culture and knowledge from this perspective and, finally, in the thematic field of 
Computer Science and Society, also to examine the techno-genesis in the three ar- 
eas of a) work processes (development of machines and tools), b) communication 
media (changes in the area of culture/cultural techniques: writing, computing, 
media, communication and cooperation) and c) knowledge society (instruments 
and services for dealing with knowledge). 

This results in a selection of contents and their structuring, see the following 


figure: 
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“Computer science in context” “Context of computer science” 


Figure 32. Proposal for structuring the basic area (according to Engbring & Selke, 2013) 


Furthermore, we propose to also use historical references for this purpose. The 
techno-genesis can be illustrated by individual examples: For example, how word 
processing with increasing layout possibilities and the advancement of printers 
changed the job profile of the typesetter/printer and how users increasingly de- 
sign and produce the layout of their printed products themselves. 

This area thus primarily deals with social, legal and ethical aspects in connec- 
tion with computer science. Examples of competencies expected in this area are: 
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Work/work processes: Children ... 

= can name advantages and disadvantages of the use of robots or other 
informatics systems, depending on their age. 

= know steps in the development and digitalisation of writing systems. 


Culture/communication media: Children ... 

= can find differences in interaction/communication with an informatics 
system or with a human being. 

= can explain how they should handle their personal data on the Internet. 

= can name the effects of cyber-bullying, depending on their age. 

= can Set up rules for use for dealing with social networks and evaluate 
rules, depending on their age. 


Knowledge/knowledge society: Children ... 
= recognise that informatics systems model “intelligent” behaviour. 


General/introductory: Children ... 

= name advantages and disadvantages of the penetration of everyday life 
by informatics systems and tools, e.g., voice messages, playing or down- 
loading videos, Internet access on mobile devices, navigation systems 
etc. 

= name the areas in their environment in which informatics systems are 
used. 
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4 Goals for Early Childhood Educators and 
Primary School Teachers 


Teachers’ professional competence and their job-related attitudes are essential 
factors influencing the quality of teaching and learning opportunities. This has 
been shown not least by Hattie’s broad empirical meta-study (Hattie, 2009). Com- 
petence models for teachers have been developed for various subjects, including 
STEM subjects, as a theoretical basis for the empirical analysis of teaching quali- 
ty, based on a concept of professional competence developed by Shulman (1986, 
1987). The essential components are subject-specific knowledge (content knowl- 
edge - CK), pedagogical-psychological knowledge (pedagogical knowledge — PK) 
and, as a combination of both, subject-didactic knowledge (pedagogical content 
knowledge — PCK). Carlsen has modified Shulman’s approach by dividing teach- 
ers’ curricular knowledge into a subject-specific and a cross-curricular component 
(Carlsen, 2002). A good overview of the further development and differentiation 
of PCK models is given by Magnusson et al. (1999) and Fernandez (2014). In the 
subjects of physics (e.g., Riese, 2009), biology (e.g., Rozenszajn & Yarden, 2014) 
and especially mathematics (e.g., Lindmeier, 2011), these generic concepts have 
each been specified from the perspective of subject didactics in a series of stud- 
ies such as MT21 (Blömeke, 2008; Blömeke, Kaiser & Lehmann, 2011), TEDS-M 
(Döhrmann, Kaiser & Blömeke, 2010) and COACTIV (Kunter & Baumert, 2011), and 
some of them have been empirically tested. 

Models for describing the professional competence of early childhood edu- 
cators and primary school teachers for the subject of computer science and com- 
puter science education hardly exist and have so far only been empirically verified 
to a limited extent (Hubwieser, Magenheim, Mühling & Ruf, 2013; see e.g., Saeli, 
2012). In this respect, the research situation on the professionalisation of early 
childhood educators and primary school teachers in the subject of computer sci- 
ence is more comparable to the situation in technical education (Kosack et al., 
2015) than to that of the subject of mathematics (see Benz et al., 2017). 

The model of professional competence by Kunter & Baumert (2011), to which 
other concepts also refer (e.g., Döhrmann, Kaiser & Blömeke, 2012), serves as a 
starting point for the description of goal dimensions for early childhood educators 
and primary school teachers. 

According to this model, important aspects of professional competence are 
‘motivational orientations’, ‘convictions, values and goals’, the ability to ‘self-reg- 
ulate’ and, on a cognitive level, ‘professional knowledge’. The latter is subdivid- 
ed into subject knowledge (CK), subject didactic knowledge (PCK) and pedagog- 
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ical-psychological knowledge (PK). In addition, organisational and counselling 
knowledge are important for activities in the pedagogical context. 


Aspects of professional competence 


Motivational 
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Figure 33. Aspects of professional competence (according to Kunter and Baumert 2011, p. 32) 


Motivational orientation describes the disposition and perseverance of teachers 
to devote themselves to their professional activity. Self-regulation describes the 
ability to adapt one’s own pedagogical behaviour in a situation-based manner 
to the respective specific framework conditions of the learning context, as it can 
be characterised, for example, with categories of the ‘Hamburg Model’ (Schulz, 
1997). Finally, for the professional competence of educators and teachers, their 
understanding of their own role image as a teacher, the associated convictions 
and value attitudes towards teaching, as well as the significance of the subject 
they are to teach for the education of children and young people are highly rele- 
vant for their pedagogical practice. 

This generic model of teachers’ professional competence was developed pri- 
marily in relation to classroom teaching. In this respect, it must be adapted with 
regard to the organisational and content-related framework conditions to educa- 
tors and teachers at primary schools and in the elementary sector and specified 
for the subject of computer science and computer science education. This will be 
done in the following sections of this chapter, as far as the research situation 
allows. 

Section 4.1, first looks at the motivation, interest and self-efficacy of early 
childhood educators and primary school teachers. Section 4.2 is dedicated to the 
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attitudes, approach and understanding of the role of pedagogues. The importance 
of the pedagogical-psychological knowledge (PC) of the educators and teachers 
with regard to the design of computer science-related learning processes in child- 
care centres and primary schools is discussed in section 4.2 as well. In sections 
4.3 and 4.4, the required subject-specific competencies (CK) and subject-didactic 
competencies (PCK) of educators and teachers for designing learning situations 
for computer science education in the elementary and primary sector are present- 
ed. Finally, interdisciplinary aspects of learning with digital media are discussed 
from a computer science perspective. 

The following diagram provides an overview of the goals of computer science 
education for early childhood educators and primary school teachers, the individ- 
ual components of which will now be described and justified in more detail. 


Early childhood 
educators and 
primary school 
teachers 


Figure 34. Goals of early childhood computer science education for educators and primary 
school teachers 
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4.1 Motivation, Interest and Self-Efficacy 


According to Baumert and Kunter, teachers’ motivation and interest in their sub- 
ject and their concept of self-efficacy are of considerable importance for their 
pedagogical activities (Kunter & Baumert, 2011). For computer science education, 
there are so far mainly empirical findings on the level of learners, but only a few 
for teachers. 

In the DFG research project MoKoM (Modelling Competence Measurement) 
(Magenheim et al., 2010), a theoretically based, subject-specific competence 
model was therefore developed, which, following Weinert’s concept of compe- 
tence, also includes non-cognitive competence dimensions such as motivational 
and volitional elements (Weinert, 2001). In a broad empirical study with computer 
science learners at the senior secondary level, the relevance of these facets for the 
competence level of the test persons could be proven (Neugebauer, Magenheim, 
Ohrndorf, Schaper & Schubert, 2015). In various other smaller empirical studies, 
the influence of technology acceptance according to the Technology Acceptance 
Model (TAM) (Bagozzi, 2007) on the use of an informatics system in a learning 
context was demonstrated, for example, among students of computer science/ 
business informatics (Beutner, Kundisch, Magenheim & Zoyke, 2014). At the level 
of female learners, an empirical study was able to demonstrate positive effects of 
self-efficacy in a learning scenario in which female learners had positive experi- 
ences with informatics systems and their design (Leonhardt, 2015). The results of 
the study were presented in detail in Chapter 3. In a study with grade 2 learners, 
Kind was able to show that dealing with informatics systems and their program- 
ming (ScratchJr) had a positive influence on the learners’ self-efficacy and could 
contribute to overcoming gender-specific differences in dealing with informatics 
systems (Kind, 2015). 

The importance of self-efficacy concepts for teaching practice and the pro- 
fessional identity of “computer science teachers" as well as their consideration 
in concepts of computer science teacher training were highlighted (Ni & Guzdial, 
2015). Within the framework of the German Federal Ministry of Education and Re- 
search (BMBF) research project KUI, Bender et al. come to similar conclusions in 
their evaluation of empirical data on the competence of female computer science 
teachers (Bender et al., 2015). The data from the study also provide indications of 
the importance of intrinsic motivation with regard to computer science topics and 
their implementation in the classroom. The authors specify Baumert and Kunter’s 
professional competence model for computer science teachers by identifying the 
teachers’ personal attitudes and beliefs and their motivational orientation - also 
with regard to perceived self-efficacy in computer science teaching — as an impor- 
tant component of competence (Kunter & Baumert, 2011). 
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Figure 35. PCK for computer science teaching (Bender et al., 2015, p. 3) 


For the goals of early childhood educators and primary school teachers in com- 
puter science education, it can be concluded from these results that both their 
own active experience with informatics systems and their medial use in learning 
situations with children, organised by the educators and teachers, should be part 
of the training. 


4.2 Attitudes, Approaches and Understanding of Roles 


The importance of teachers’ attitudes, approaches and understanding of their 
professional role for their pedagogical practice was demonstrated in various em- 
pirical studies a long time ago. A good summary can be found, for example, in Eu- 
lenberger (2015). At the level of personality traits, the “Big Five” were used: These 
are the dimensions neuroticism (N), extraversion (E), openness to experience (0), 


early childhood educators and primary school teachers with the categories ‘ability 
to reflect’, ‘openness’, ‘investigative attitude’, ‘ability to cooperate’ and ‘devel- 
opment of professionalism, among other things, through willingness for further 
training’. These general facets of competence certainly also apply to early child- 
hood educators and primary school teachers in computer science education. 
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Kleickmann has investigated the connections between teachers’ perceptions and 
teaching practice for natural science teaching in primary school, which could also 
be of importance for computer science education in terms of teaching methods 
(Kleickmann, 2008): 


“The greater degree to which primary school teachers hold an under- 
standing that learners in primary natural sciences lessons learn best 
from the teacher’s explanations and that learners tend to absorb knowl- 
edge passively-receptively (‘transmission’), and that practical activities 
(‘hands-on-activities’) such as conducting experiments are a sufficient 
condition for learners to achieve conceptual understanding (‘practical- 
ism’), and also that learners in primary natural sciences lessons should 
work or learn largely independently, without the need for process-related 
support and structuring measures by the teacher (‘laisser-faire’), the less 
progress the learners make in their understanding of scientific concepts” 
(Kleickmann, 2008, p. 172). 


In a case-based long-term study of primary teachers’ attitudes towards “effective 
science teaching”, Davis shows that, although these attitudes are relatively sta- 
ble, over time, they tend to move away from “reform-oriented” concepts to more 
“conservative”, teacher-centred conceptions of teaching, based on the feedback 
from teachers’ practical experience (Davis, 2008). 

Fulton, in a study of junior secondary teachers’ ‘beliefs’, had earlier pointed 
out that teachers’ attitudes towards teaching styles dominate their use of digital 
teaching technology: 


“Results suggest that technology use did match teaching beliefs. Teach- 
ers with constructivist teaching beliefs adopted technology for a learn- 
er-centred teaching style, while those with more traditional (non-con- 
structivist) teaching beliefs used technology in a more teacher-centred 
transmission style. Teachers said that technology has not changed their 
pedagogical beliefs, but the opportunities they have had to work in this 
learning community also affected teaching practice” (Fulton, 1999, p. 1). 


Gil, Schwarz and Asterhan have investigated the influence of teachers’ ‘beliefs’ 
regarding the use of digital media in learning situations and have shown that 
teachers’ cognitive communication styles (intuitive moderation, synchronous dis- 
cussion organising, guiding, observing, involved and authoritative) in these situ- 
ations depend on their ‘beliefs’, their ‘technical skills’ and the ‘constraints’ of the 
learning environment (Gil, Schwarz & Asterhan, 2007). 
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Schulte and Bennedsen demonstrated the influence of ‘beliefs’ on computer 
science teachers’ teaching practice in the context of object-oriented programming 
courses, and Fessakis and Karakiza in a study among Greek computer science 
teachers (Fessakis & Karakiza, 2011; Schulte & Bennedsen, 2006). 

Ni specified the influence of ‘beliefs’ on computer science teachers’ teaching 
practice in her study on the professional identity of ‘CS teachers’ (Ni, 2011). In 
addition to the general influencing factors, i.e., “perception of CS” and “percep- 
tion of teaching”, she determined the criteria of “self-identification”, “interest/ 
appreciation of teaching CS”, “confidence in teaching CS”, “learning styles to 
teach well”, “retention of teaching CS” and “affiliation/belonging”. She attaches 
particular importance to being well embedded in an educational institution and 
in a professional social network, which can certainly be used in Wenger’s (1998) 
sense as a ‘community of practice’ for the acquisition of competencies in the 
sense of connectivism (Siemens, 2008). 
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Figure 36. Main Influencing Factors for CS Teacher Identity Formation (from Ni, 2011, p. 77) 


Finally, Bender et al. in the KUI project come to the following summary assess- 
ment regarding the influence of non-cognitive structural elements of competence 
(Bender, Schaper, Caspersen, Margaritis & Hubwieser, 2016): 


“The described theoretical analysis leads to assumptions that two main 
areas of beliefs (beliefs about the subject and its teaching and learning, 


4 Goals for Early Childhood Educators and Primary School Teachers 


and beliefs about data security and privacy) and two main areas of moti- 
vational orientations (intrinsic motivational orientations and teaching ef- 
ficacy) are particularly important for teaching computer science” (Bender 
et al., 2016, p. 6). 


Reflecting on the possible influence of teachers’ attitudes towards learning media 
used, especially digital media for supporting learning on their pedagogical behav- 
iour in learning situations of computer science education, should be considered 
as an element of the objectives, as should embedding the discourse and exchange 
of information about this pedagogical activity in social networks of a ‘community 
of practice’. 


4.3 Computer Science Competencies 


Various models and recommendations can be used to describe computer science 
competencies expected of early childhood educators and primary school teach- 
ers. However, these have been developed primarily for computer science educa- 
tors and teachers working in out-of-school settings or at higher levels of school 
education. They can therefore only serve to a limited extent to concretise goals for 
early childhood educators and primary school teachers in elementary and primary 
education. Since most of the more recent recommendations use subject-specific 
competence models, these should at least be referenced here and related to the 
model we use. The GI recommendations for the design of Bachelor’s and Master’s 
degree programmes provide an up-to-date competence-oriented description of 
the subject-specific competencies of computer scientists at the Bachelor’s and 
Master’s level (GI - Gesellschaft für Informatik e.V., 2016b). The scope and level 
of the expected competencies described there admittedly go far beyond the re- 
quired competence expectations for the target group of early childhood educators 
and primary school teachers addressed here. However, parts of these competen- 
cies will be incorporated into the competence expectations for computer science 
teachers at general education schools. The Standing Conference of the Minis- 
ters of Education and Cultural Affairs of the Lander (Kultusministerkonferenz der 
Lander) (Kultusministerkonferenz, 2015) has recommendations for these comput- 
er science teachers in the subject-specific and subject-didactic areas that cover 
the following Content Domains, which have been significantly reduced compared 
to the GI recommendations of 2016: 


m Formal languages and automata 


m Algorithms and data structures 


Goal Dimensions of Computer Science Education 


Data modelling and database systems 
Programming and software technology 
Computer structures and operating systems 


Computer science and society 


Subject didactics 


There is a strong correlation here with the Content Domains of the GI educational 
standards (GI - Gesellschaft für Informatik e.V., 2008, 2016a). 

While the GI recommendations for computer science degree programmes (GI - 
Gesellschaft fiir Informatik e.V., 2016b) contain a grading according to compe- 
tence levels in accordance with an adapted AKT model (Krathwohl, 2002; Bröker, 
Kastens & Magenheim, 2014), there are no such gradings in the KMK recommen- 
dations and the Gl educational standards. Other forms of grading subject-specific 
computer science competencies can be found in Fuller (Fuller et al., 2007), in the 
SOLO taxonomy (Biggs & Collis, 1982) or in the empirically based MoKoM com- 
petence level model (Neugebauer et al., 2015). Empirical studies show that ele- 
ments of these competence level models and the subject content described above 
can be found both in the subject-specific training curricula of computer science 
bachelor’s degree programmes at universities (Brabrand & Dahl, 2009; Müller, 
2015) and in the subject-specific parts of the training curricula for students of 
computer science teaching (Hubwieser et al., 2013). 

In the context of the objective of this report, however, it makes little sense to 
use these competence level models, some of which are quite complex, to describe 
the competencies of early childhood educators and primary school teachers in the 
elementary and primary sector, since neither a theoretically sound competence 
structure model nor empirically verifiable level models derived from it have yet 
been developed for this target group. This requires further, sometimes lengthy, 
empirical research. 

With regard to the objectives for early childhood educators and primary 
school teachers in terms of the subject-related components of the competencies 
to be acquired, we are initially guided by the GI educational standards for the 
junior secondary and primary level (cf. also Chapter 3). In addition, further sub- 
ject-specific arguments and subject-didactic criteria are taken into account. With 
this approach, we are also in line with the corresponding recommendations in the 
expert report for the subject of mathematics (Benz et al., 2017). The acquisition 
of subject-specific competencies in computer science should be closely related 
to the learning scenarios to be organised later for the children, so that the ac- 
quired knowledge can be quickly integrated into the children’s own pedagogical 
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activities. Therefore, the goals for early childhood educators and primary school 
teachers, their selection and prioritisation are also significantly oriented towards 
dimensions for children presented in Chapter 3. The interests and abilities of the 
children are also the focus of the methodological implementation in learning sce- 
narios. Following the GI educational standards, computer science competencies 
are generated from the integration of contents and processes, as already present- 
ed at the children’s level, by describing the respective expected competencies in 
a specific contextualisation of the learners’ computer science process action ina 


Content Domain (cf. Chapter 3). 


Components of professional pedagogical competence 


include 


Professional expertise in 
computer science 


Computer science processes are translated into computer science content 
domains from a pedagogical perspective. 


Computer science Computer science 


content domains process domains 


Figure 37. Professional pedagogical competence components in computer science education 


The contextualised computer science process steps taken by early childhood ed- 
ucators and primary school teachers always occur in learning scenarios with chil- 
dren from the perspective of their professional pedagogical competence. There- 
fore, in the following descriptions of the Process and Content Domains, reference 
is always made to the corresponding competencies expected from the children (cf. 
Chapter 3), and the expectations regarding professional pedagogical competence 
in these learning contexts are discussed. 
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4.3.1 Content Domains 


Information and Data (C1) 


The ability to distinguish between information and data is an important con- 
tent-related facet of competence that early childhood educators and teachers 
must have if they want to design appropriate computer science learning situations 
for the children. Different symbolic forms to represent data (e.g., letters, num- 
bers, signs...) should be known, which can also be used in learning situations 
with children. It is also important to understand the transformation of information 
into data and vice versa, which takes place through the mechanism of assignment 
of meaning and interpretation. 

For example, the sequence of letters, ‘CAB’, can be seen as an acronym in 
Latin or Cyrillic notation, or represent the number 3243 in hexadecimal. Crucial 
to the interpretation of the data is an appropriate interpretive context. Educators 
and teachers should be familiar with basic concepts of binary coding of data (num- 
bers, letters, pictures, graphs) that enable their automatic processing and storage 
in a computer. An understanding should be developed that... 


m different operations can be performed on the data depending on the data rep- 
resentation of a real-world object. 


m the data representation of a real object involves processes of abstraction and 
decontextualisation. 


m these processes are irreversible in some cases. 


m different representations are differently suited for certain operations. 


In addition to the examples for children documented in Section 3.4 or Chapter 5, 
educators and teachers can, e.g., use the following representations to illustrate 
this Content Domain: The aerial photo of a landscape - a cadastral map of the 
same landscape - the abstract representation of the map based on cadastral des- 
ignations and plot dimensions - a data set with these plot data, whereby one can 
determine the size of the plot from the latter but not the vegetation of the plot. 
Pictures of a pizza, a cake or a house, for example, can serve as a Starting point for 
further examples that are closer to the children’s everyday world. 


Algorithms and Programming (C2) 


The concept of an algorithm, which is essential for computer science, is also an 
essential Content Domain for designing competence expectations for the early 
childhood educators and primary school teachers. It can be developed in a play- 
ful way, oriented towards the scenarios to be explored with the children, such as 
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directions, rules of the game, pantomime, treasure hunt, cooking recipes or paint- 
ing instructions. Here, the vagueness of everyday algorithms (‘take 1⁄2 cup of milk 
and some butter‘) should be worked out and contrasted with the requirements 
for an algorithm that is to be executed precisely by an operator: Unambiguous in- 
structions, finite sequence of instructions, termination of the programme. In this 
context, the essential control structures of an algorithm, such as sequence, condi- 
tional branching and loops/repetitions are learnt, just as an elementary variable 
concept with elementary data types. For the organisation of computer science pro- 
cesses, itis an important prerequisite that early childhood educators and primary 
school teachers master these basic concepts and can verbalise them accordingly 
to the children. 

By playfully implementing an algorithm concept in learning scenarios, the 
operator can initially be a human being who follows the instructions of a “pro- 
gramme” and e.g., controls a paper robot (unplugged version). Later, the oper- 
ator can also be a computer that executes a programme on the screen that was 
first developed in the form of puzzle pieces on paper and then entered as a com- 
puter-readable programme code, e.g., with the visual programming language 
Scratch. Here, a virtual robot is then moved on the screen in a similar way (virtual 
version). Finally, the same programme in the same programming language could 
also be used to control a small robot in the real world (real world version). It seems 
obvious to start the introduction to algorithms with an ‘unplugged’ version. For 
early childhood educators and primary school teachers it is advisable to get to 
know the other versions of algorithmic control because of the effects of self-effica- 
cy and motivation described above (see also Section 4.1). 


Languages and Automata (C3) 


Formal languages and automata are of great importance in computer science. For 
example, the theoretical concept of the Turing machine, an abstract automaton 
that is central to computer science, can be used to test the executability of an 
algorithm and describe its complexity. For early childhood educators and primary 
school teachers, it cannot be a matter of understanding these central concepts of 
theoretical computer science in detail. However, they should understand the basic 
principles of these concepts in order to be able to implement them in pedagogical 
learning contexts with children in an age-appropriate way. 

For example, they should understand the difference between a natural lan- 
guage and the formal language that is independent of the ‘interpretation context’ 
and can be used, for example, to write a computer programme. References can 
be made to (C1). With regard to the concept-dependency of a natural language, 
communication models can be discussed with the early childhood educators and 
primary school teachers, such as, e.g., symbolic interactionism (Blumer, 1969). 
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Such models may already be familiar to early childhood educators and primary 
school teachers from their pedagogical training. In contrast, the concept of formal 
languages can then be elaborated in its diversity. This can be done in a playful and 
unplugged way. For example, the game ‘Chinese Whispers’ (or ‘Telephone’) can 
be used to illustrate the contextuality of natural language. Basic principles of a 
formal language can be taught in the context of communication protocols through 
communication by means of Morse code (drums) or light signals, whereby commu- 
nication via light signals can also be done by means of binary code. If necessary, 
principles of encryption or rules for ‘secret languages’ can also be used here. The 
transmission of ‘emails’ can also be playfully explored in a role play by means of 
‘routing protocols’ as a representation of a formal language. 

In connection with (C2), programming languages, such as Scratch with its 
keywords and fixed syntactic rules for the design of instructions, can also be 
learned and applied as formal languages in an elementary form. 

The starting point for dealing with the computer science concept of automata 
can be real automata that educators and primary school teachers encounter in 
everyday life: ticket machines, cash dispensers, traffic lights, vending machines 
etc. 

The difference between a vending machine as an abstract theoretical con- 
cept and an informatics system as its possible technical realisation must be made 
clear to early childhood educators and primary school teachers. The invisible ab- 
stract theoretical concept of a vending machine can be understood, for example, 
through the visible input and output possibilities of an informatics system (e.g., 
cash dispenser). Here, too, early childhood educators and primary school teach- 
ers can get to know essential elements of the concept of an automaton by means 
of a role play: Inputs and outputs with corresponding systems, internal states, 
transition rules for states in the form of tables and graphs. 

It is important in the playful approaches to the concepts of ‘formal languag- 
es’ and ‘automata’ that they are also formally described and understood in their 
essential properties at the end of the game, e.g., with a graph. In this way, a refer- 
ence to an important concept of modelling (P1), state-oriented modelling, can be 
established at the same time. 


Informatics Systems (C4) 


It is important for early childhood educators and primary school teachers that they 
can identify technical artefacts of the real world (phenomena of computer science) 
as informatics systems, to describe their essential visible and non-visible charac- 
teristic and also to understand them as specific technical realisations of abstract 
automata. On this basis, they are then also able to organise learning scenarios 
that introduce children to important properties of informatics systems. 
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Informatics systems have long been an integral part of our everyday lives, with- 
out us possibly even noticing them as such. We encounter them in the household 
(washing machine, dishwasher, microwave, coffee machine...), in communication 
and leisure (smartphone, tablet, laptop, television, digital media recorders, game 
consoles...), on the road (car, aeroplane, parking guidance system, GPS system, 
traffic lights...) or when shopping (scanner checkouts, ATMs, ticket machines, exit 
control systems, lifts...). 

A detailed description of the concept of the socio-technical informatics sys- 
tem with its technical and social components has already been provided in Chap- 
ter 3. Informatics systems are usually very complex and difficult to understand, 
even for experts. However, a basic understanding of the structure and functioning 
of informatics systems is an essential aspect of computer science education. 

Early childhood educators and primary school teachers should be able to 
experience these basic principles using simple examples. A first approach to 
informatics systems would be to identify the technical systems in the everyday 
world of children and early childhood educators and primary school teachers as 
socio-technical informatics systems, to describe some input possibilities, system 
reactions and possible actions of the users. 

The examples should be closely oriented to those concepts that are also used 
in learning scenarios with the children. It should be possible to have both the 
external and the internal view of an informatics system. The external view can be 
achieved by analysing user interfaces (GUI: Graphical User Interfaces) and the 
associated man-machine communication (MMC), e.g., by analysing familiar soft- 
ware such as frequently used apps or websites with regard to input options and 
feedback. Optionally, it could be considered whether early childhood educators 
and primary school teachers first design the structure and layout of a website un- 
plugged from an MMC point of view, taking into account the separation of struc- 
ture, layout and content, and then implement it with simple HTML commands as 
an example of a mark-up language. 

With the help of the IPO principle (input-processing-output principle), it is 
then possible to infer internal processes of the system and analyse the feedback 
behaviour (e.g., with apps like WhatsApp or Google). Internal states of the system, 
the processing of inputs and generation of outputs, which are described with algo- 
rithms, among other things, can be modelled with playful concepts using simple 
informatics systems (e.g., Lego robots, computer games) and then implemented 
with a visual programming language such as Scratch (cf. Chapter 3). 

Another important domain is the networking of informatics systems and their 
communication by means of technical protocols. Basic principles of communica- 
tion on the Internet should be explored ‘unplugged’ using simple playful means, 
since a basic understanding of how the Internet works is an important part of com- 
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puter science education. Suitable examples include role-plays on sending mail 
via routers, calling up and forwarding entries on web pages to demonstrate the 
client-server principle or, as an example of the layer protocol of the Internet, tele- 
phone communication between people in different languages with the help of an 
interpreter. 


Computer Science and Society (C5) 


Even though this very important area of computer science education is not always 
easy to understand for children in learning scenarios, early childhood educators 
and primary school teachers should acquire basic knowledge about these con- 
nections. 

The ubiquity of information technology has led to an intensive discussion in 
computer science about the social significance of computer systems and their 
design for the individual and society. The terms ‘information society’ or ‘ubiqui- 
tous computing’ are important concepts and indicators for this discussion. Ap- 
plications and effects of informatics systems on society, as well as fundamental 
questions about the design and responsibility of information technology are also 
seen as an important part of general education and are therefore included in the 
computer science curricula of all educational levels from junior secondary on- 
wards. However, since these are usually very complex contexts that are difficult 
for laypersons to understand, such topics are often only treated in an exemplary 
and very basic manner even at these school education levels, without diving too 
deeply into the informatics aspects of the problems. For the target group of chil- 
dren at the child-care centre and primary school level, the cognitive development 
and the ability to evaluate ethical and moral issues pose a hurdle when designing 
learning scenarios with such topics. If mobile devices with apps are used in the 
children’s family environment or at school, the disclosure of personal data could 
be addressed in a child-friendly way in this context. 

This is also an important topic for early childhood educators and primary 
school teachers, whereby one could, for example, analyse the usage profiles and 
data protection settings of frequently used apps or programmes (e.g., Facebook, 
WhatsApp). In this way, the basics of data and copyright protection could be made 
tangible for this target group by means of a Specific example. In any case, it should 
be made clear which data traces are left behind when surfing the Internet and how 
these can be used for various evaluations that do not serve the original purpose. 
This can be done, for example, via settings for cookies in frequently used brows- 
ers or in an action-oriented and ‘unplugged’ way with a simulation game on data 
protection (Medienwissenschaft Universitat Bayreuth, 2014). 
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4.3.2 Process Domains 

As shown above in sections 2.5.1 and 3.3, the description of expected compe- 
tencies in learning processes of computer science education also includes the 
representation of processes that are located in the respective Content Domains. It 
already became clear in the description of the examples in the Content Domains 
that these cannot be presented without corresponding processes that are carried 
out by the learners in the respective application contexts. Following the GI edu- 
cational standards for the junior and senior secondary levels, as well as for the 
primary level, corresponding Process Domains should also be formulated in the 
expected competencies and objectives for teachers. 


Interacting and Exploring (PO) 


The importance of this Process Domain for children’s computer science education 
has already been presented in detail in Chapter 3. Early childhood educators and 
primary school teachers should know the levels of reasoning for the introduction 
of this Process Domain in computer science education with children and be able 
to organise age-appropriate learning scenarios for computer science education 
for the children on the basis of this knowledge. 

It is important that early childhood educators and primary school teachers, on 
the one hand, give the children enough room for their own explorations, but, on 
the other hand, also systematise the children’s experiences in a suitable way so 
that they can build up a mental model for handling, using and designing informat- 
ics systems. Early childhood educators and primary school teachers should take 
into account the following perspectives when organising learning scenarios with 
regard to the Process Domain ‘Interacting and Exploring’: 


Learning and Developmental Psychology Perspective 
In the first years of their life, chil- 
dren often learn by trying out and 
exploring objects in their living 
environment. Therefore, it makes 
sense to also use this form of 
learning in early computer sci- 
ence education. By observing 
and trying out suitable comput- 
er systems, children can learn 
about concepts of action and de- 
sign by dealing with them. Based 


on the observed functions, chil- 
dren can make assumptions 
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about their inner structure. Early childhood educators and primary school teach- 
ers can then take up these experiences and assumptions of the children through 
the appropriate design of learning scenarios, systematise and generalise them 
with the children, in order to gradually open up a more differentiated picture of 
informatics systems for the children. 


International Perspective 

As has already been shown for the goals at the level of the children on the basis 
of numerous practical examples from projects in various countries, it is common 
practice internationally to let children in primary school and early childhood edu- 
cation explore informatics systems through play and to use them in various ways 
(cf. Chapter 3). Early childhood educators and primary school teachers should be 
familiar with some of the international concepts of computer science education for 
interacting with and exploring informatics systems. These concepts can also be 
used in computer science education with regard to their exploratory and systems 
research elements. For example, Resnick’s methodological approach of ‘Tinker- 
ing’, which refers to action-oriented approaches of Dewey (1938), Fröbel (1826) 
and Papert (1993), can be practically implemented by means of the process di- 
mension of ‘Interacting and Exploring‘. 


“Froebel filled his kindergarten with physical objects (Such as blocks, 
beads, and tiles) that children could use for designing, creating, and 
making. These objects became known as Froebel’s Gifts. Froebel care- 
fully designed his Gifts so that children, as they played and constructed 
with the Gifts, would learn about common patterns and forms in nature” 
(Resnick, 2013, p. 50). 


In the age of digital artefacts, Resnick’s concept is extended in the sense of Pa- 
pert to digital micro-worlds in the computer (e.g., Scratch programs) and digital 
objects in the real world (e.g., Mindstorms). This concept, applied in learning sce- 
narios with children, is also viable for the computer science training of early child- 
hood educators and primary school teachers. 


“We see tinkering as a valid and valuable style of working, characterised 
by a playful, exploratory, iterative style of engaging with a problem or 
project. When people are tinkering, they are constantly trying out ideas, 
making adjustments and refinements, then experimenting with new pos- 
sibilities, over and over and over” (Resnick, 2013, p. 164). 
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Subject-didactic Perspective 

In computer science didactics, great importance is attached to interaction with and 
exploration of informatics systems. This ties in with findings in learning psycholo- 
gy, such as the Cognitive Flexibility Theory (Spiro, Feltovich, Jacobson & Coulson, 
1991), according to which an object area should be viewed from different concep- 
tual perspectives at different points in time in order to gain a deeper understand- 
ing of it. In this sense, a playful, explorative exposure to informatics systems can 
be a Starting point for later reflections and furthermore promote a self-confident 
and reflective approach to informatics systems in terms of self-efficacy concepts. 
This could provide a basis for sustainable computer science learning processes. 

In the subject-didactic competence research, theoretically and empirical- 
ly supported competence models for understanding and modelling informatics 
systems suggest that the exploration and application of informatics systems is 
an essential facet of competence for understanding informatics systems (e.g. 
Magenheim et al., 2010). Various subject-didactic concepts have so far tried to 
justify this approach to computer science education with different arguments. 
Proponents of the application-oriented approach in computer science didactics, 
Körber & Peters (1988) for example, emphasise that informatics systems should 
always be considered in an application context and that the use and testing of 
an informatics system represents an essential phase of computer science-related 
learning processes. 

The user-oriented didactic approach (e.g. Forneck, 1992) goes one step fur- 
ther and reduces the constructive development of informatics systems to a mini- 
mum in favour of the almost exclusive use and evaluation of informatics systems. 
In the system-oriented approach, following the Cognitive Flexibility Theory, a mul- 
tifaceted approach to informatics systems is recommended by using the method 
of deconstruction to explore informatics systems and their functions in a first ex- 
ploration phase in order to be able to draw conclusions about their inner structure 
later on (Magenheim, 2008). 

The subject didactic approach to duality reconstruction aims at picking up 
on learners’ everyday experiences with informatics systems (e.g. mobile phones, 
digital media recorders, standard software) and exploring the functioning of dig- 
ital artefacts. In a process of didactic reconstruction, the duality of structure and 
function of digital artefacts is to be developed, whereby the function refers to the 
purpose and use of the artefact in everyday life, the structure to its internal con- 
struction (Schulte, 2009). 

The discovery and understanding of computer science concepts through ex- 
ploring the functioning of informatics systems and the interplay of behaviour and 
structure, of external and internal view via the gradual change of the learning sce- 
nario with the informatics system from the ‘black box’ (only external view is acces- 
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sible) to the ‘white box’ (internal structure of the informatics system, e.g. source 
code is accessible to learners) is justified in another approach by Stechert (2009). 

Empirically and theoretically based competence models are also discussed 
in subject didactic competence research, which regard the ability to explore and 
apply informatics systems as an important facet of competence for understanding 
informatics systems (e.g. Magenheim, 2008). 

Finally, the methodology of experimentation can be used for exploring in- 
formatics systems and digital artefacts. In this context, it has been shown that 
through purposeful interaction, it is possible to draw conclusions about internal 
structures on the basis of the system’s feedback (Schulte, 2012). 

As a consequence of these subject didactic arguments and empirical find- 
ings, for the goals at the level of the early childhood educators and primary school 
teachers, in addition to an ‘unplugged’ access to concepts of computer science, 
a handling of at least those informatics systems should be practised that can be 
used in learning scenarios with children. Furthermore, early childhood educators 
and primary school teachers should know some of the essential subject-didac- 
tic arguments for interacting with and exploring informatics systems and thus be 
able to organise corresponding learning scenarios in a sound manner. 


Computer Science Perspective 

Experts and users exploring and interacting with existing informatics systems is 
an important phase in the further and new development of informatics systems 
and their implementation in practice. In this way, from the basic, externally recog- 
nisable functioning of informatics systems, their design principles can be identi- 
fied and new system components can be constructed or the system as a whole can 
be further developed (see, for example, Brandt-Pook & Kollmeier, 2008). More- 
over, informatics systems and software should be designed in such a way that 
the functioning of the systems is largely self-explanatory even for laypersons and 
can be easily configured for their specific purposes. Computer science education 
should therefore also enable laypersons to specify and competently use informat- 
ics systems. In this way, computer science education makes an important contri- 
bution to general education. 

For the goals for early childhood educators and primary school teachers, one 
can formulate from this perspective that they should also know the subject-related 
computer science arguments for the use and exploration of informatics systems 
and they should be able to implement them in practice in their own work context 
or by means of a small project. This could be done, for example, with a very simple 
game programmed in Scratch. The functionality of such a game could be explored, 
a possible functional extension from a child’s point of view could be anticipated 
and then implemented through a slight modification of the source code. 
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General Education Perspective 

Early childhood educators and primary school teachers should be aware of the 
general education aspects of children’s exploration and use of informatics sys- 
tems mentioned above and support them in suitable learning scenarios. Through 
engagement with informatics systems and appropriate facilitation by early child- 
hood educators and primary school teachers, children can learn to successively 
build a more sophisticated mental model of informatics systems. In this way, they 
are taught to use informatics systems competently in the future and to evaluate 
technological change in terms of its opportunities and risks. In order for this de- 
manding long-term goal to succeed, early childhood educators and primary school 
teachers should be able to strengthen children’s self-efficacy and motivation 
when dealing with age-appropriate informatics systems, as well as to promote 
their ability to reflect with regard to the use of informatics systems. Correspond- 
ing competencies in the children, but also in the early childhood educators and 
primary school teachers, require interactive handling of such systems, which can 
be implemented with unplugged methods not only in learning scenarios. 


Modelling and Implementing (P1) 


Modelling of an informatics system and its (software-) technical implementation 
with the help of a programming language are important tasks in computer science 
and represent essential steps in the design of an informatics system. For the tar- 
get group of early childhood educators and primary school teachers, this cannot 
be about getting to know different procedural models of software development. 
However, some important phases, methods and processes used in them should 
be identified, since these are also of great importance, for example, for the devel- 
opment of learning and game software. After a phase of requirements analysis on 
the software, the phases of modelling and implementation should follow. Finally, 
the resulting software should be tested and evaluated. Here, a connection could 
also be made to a specific discovery and research circle for informatics education 
(see Section 1.5). 

One possible approach at this point would be the ‘project-like’ development 
of a small game using the Scratch programming language. Numerous examples 
of such a project can be found at https://scratch.mit.edu. In the ‘project’, various 
important phases could be played through. Such a concept would in particular 
also involve Process Domains P2-P5. 

In the phase in which the requirements for software are determined, which 
precedes the actual modelling, it can be cooperatively determined which func- 
tions the (game) software to be developed should fulfil. In the modelling phase, 
essential components and parameters of the informatics system, as well as the re- 
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lationships between them are then defined at the level of formal description. Also, 
the appearance of the user interface is fundamentally determined in this phase. 

For early childhood educators and primary school teachers, a playful un- 
plugged approach can also be used for this topic by modelling parts of the sys- 
tem using CRC cards (Ambler, 1998) or with a role play (object play) (Börstler & 
Schulte, 2005). However, these methods, which belong to object-oriented model- 
ling, should not lead to the use of an object-oriented programming language in a 
possible later implementation. Neither can it be about working out different pro- 
gramming paradigms with this target group, nor about getting to know different 
programming languages. Even a visual programming environment with a rudimen- 
tary object-oriented concept like Alice would probably confront the target group 
with unnecessary learning barriers, as corresponding experiences with junior 
secondary level learners have shown (Dohmen, Magenheim & Engbring, 2009). In 
order to avoid medial gaps, early childhood educators and primary school teach- 
ers should basically stick to the programming language, which can also be used 
in learning scenarios with children if necessary (e.g., Scratch or a related dialect). 
Thus, in modelling, small problems can first be broken down into even smaller 
tasks and structured if necessary (see P3). Then, the algorithms determined in this 
way are presented as instructions for action (simple diagram) and implemented 
in a programming language suitable for children, e.g., Scratch. This can lead to 
visual solutions on the screen (e.g., computer game) or to moving objects in the 
real world (robot). 


Reasoning and Evaluating (P2) 


Decisions about the design of an informatics system must be made especially dur- 
ing the cooperative determination of system requirements and in the modelling 
phase. The same applies when a (self-developed) informatics system is tested and 
evaluated in its functioning and with regard to the intended problem solution. In 
both cases, criteria should be established according to which the computer sci- 
ence issues can be evaluated. When determining the system requirements, the 
functional scope (e.g., of a game) can be defined and an estimate of the effort 
required for realisation can be provided. When evaluating the finished software, 
e.g., ergonomic criteria of the user interface (e.g., Herczeg, 2009) and the use- 
fulness of the system functions in a given social situation can be assessed (e.g., 
the possibility of playing a game with a group). In communication with other us- 
ers and evaluators, modelling decisions can be justified and evaluations can be 
supported with arguments. In learning scenarios with informatics systems, early 
childhood educators and primary school teachers should be able to plan and eval- 
uate exploration or design processes with informatics systems or action strate- 
gies in unplugged concepts cooperatively with the children. 
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Structuring and 
Interrelating (P3) 


Structuring and interrelating may 
be necessary processes in differ- 
ent Content Domains of computer 
science. As already mentioned in 
P2, modelling of an informatics 
system may require a structured 
break down into individual com- 
ponents. Sensible structuring 
is also required when selecting 
suitable data structures. Net- 


working of system components 

can occur in many different ways within an informatics system and can also in- 
clude external communication with other systems, especially in informatics sys- 
tems that are connected via local networks or the Internet. This concept can be 
illustrated by means of small robots with actuators and sensors that react to ‘im- 
pulses’ from their technical environment. In computer science learning scenarios, 
whether plugged or unplugged, early childhood educators and primary school 
teachers should illustrate the structuring of a problem area as a prerequisite for a 
solution, e.g., when a robot needs to know different directions of movement (left, 
right, straight ahead) in order to move in a maze. The networking of an informatics 
system can be illustrated by the playful transmission of an ‘email’. 


Communicating and Cooperating (P4) 


Computer science-based problems from different Content Domains are often not 
solved individually but cooperatively in a team. This requires general cooperative 
and communicative skills, which the team members practise at a formal level. In 
terms of content, professional skills to communicate the computer science materi- 
al using computer science terminology are expected to contribute cooperatively to 
the solution of computer science problems. This communication and cooperation 
can be done “unplugged” using various non-digital materials as tools and in the 
medium of interpersonal communication. On the other hand, communication and 
cooperation can also be organised with the help of an informatics system. For 
this purpose, synchronous (e.g., chat, instant messaging...) and asynchronous 
communication possibilities (e.g., e-mail) of informatics systems can be used 
to exchange information and to organise collaboration. Electronic (web-based) 
platforms can also be used to exchange and archive documents. Early childhood 
educators and primary school teachers should be familiar with these computer 
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science-related forms of communication and cooperation, and be able to apply 
them and use them in learning scenarios with children in a target group-oriented 
way. In doing so, they should pay attention to the correct use of technical terms 
and jargon in order to properly preconfigure the children’s ideas when building 
mental models of informatics systems. 


Representing and Interpreting (P5) 

The knowledge acquired individually or cooperatively in the different computer 
science Content Domains must be communicated in a suitable way in order to 
receive and interpret it individually or discuss it with others. Various symbolic, 
graphic or pictorial forms of representation are suitable for this. The selection of 
suitable forms of representation to illustrate and interpret facts of computer sci- 
ence is thus an important Process Domain to describe computer science compe- 
tencies. On the one hand, early childhood educators and primary school teachers 
should be able to select age-appropriate forms of representation that they can 
also use in learning scenarios with children. On the other hand, they should know 
and partly use forms of representation, which are suitable to visualise somewhat 
more complex issues in computer science (e.g., knowledge networks, flow charts, 
structure diagrams, graphs). 


4.3.3 Contextualised competence expectations 

In the following section, the combinations of individual Content and Process Do- 
mains considered to be particularly relevant for contextualised, subject-specif- 
ic competencies that are expected from early childhood educators and primary 
school teachers are presented in a concise form. 

In principle, the same argumentation applies here already at the level of the 
goal dimensions for children (cf. Section 3.4). In principle, each of the Content 
Domains can be combined with each of the Process Domains. Thus, expected 
competencies can be formulated that relate to each of these combinations. Suita- 
ble examples of learning scenarios can also be found for each of these combina- 
tions, but their presentation would go beyond the scope of this report. Moreover, 
it seems hardly feasible to develop a curriculum for our target group that covers 
all these combinations in a realistic time. But this is not necessary anyway. Many 
of the examples mentioned in the text above often refer to several Content and 
Process Domains, so that a new approach (learning scenario) is not necessary for 
each combination. 

In a curriculum for early childhood educators and primary school teachers, it 
should be ensured that as many Content and Process Domains as possible are ad- 
dressed at least once in one of the learning scenarios. Specific criteria apply to the 
selection and prioritisation of the subject-specific competencies expected of early 
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childhood educators and primary school teachers. In this respect, reference can 
be made to the argumentation in Section 3.4. However, early childhood educators 
and primary school teachers should acquire basic subject-related competencies 
in the selected combinations of Content and Process Domains (C/P), whereas chil- 
dren, depending on their age group, will certainly only be able to acquire initial 
subject-related facets of competence. It is therefore proposed to select the follow- 
ing combinations of domains for early childhood educators and primary school 
teachers: 


m Modelling and Implementing (P1) of Algorithms and Programmes (C2) 
m Interacting with and Exploring (PO) Informatics Systems (C4) 


m Representing and Interpreting (P5) Information and Data (C1) 


m Reflecting on and Evaluating (P2) the interrelationship of Computer Science 
and Society (C5) 


The selection is based on the guiding criteria already applied in Section 3.4 and 
Chapter 5 for the selection and prioritisation of competencies and examples to be 
taught: 


m according to subject-specific and subject-didactic significance 


m possibility of realisation under aspects of learning and developmental psy- 
chology 


m relation to the children’s everyday situation 
m ability to motivate the learners 


m arouse the children’s interest in computer science and contribute to their gen- 
eral education 


m possibility of also teaching interdisciplinary basic skills 
m relation to didactic concepts of the primary school or child-care centre 


m possibility of orienting towards the practice of concepts that have already 
been realised 


Since each of the above four combinations has to be contextualised on the basis 
of specific practical examples, one example usually involves several combinations 
of Content and Process Domains, with one or two of the combinations forming a 
focal point, while other combinations are not so strongly addressed in the given 
example. Chapter 5 therefore presents the examples selected for prioritisation 
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using a “heat map”, where the colours indicate how strongly a C/P combination 
and the associated competencies are affected in the respective example. 

For early childhood educators and primary school teachers, the above prior- 
itisation and the prioritisation for the target group of children results primarily in 
competence expectations in the competence fields marked in green (C/P). 


Content Domains 


Process Domains 


Figure 38. Competencies expected of early childhood educators and primary school teachers 


The examples presented in Chapter 5 illustrate how the concept could be prac- 
tically implemented in learning scenarios appropriate to the target group. For 
the group of early childhood educators and primary school teachers, all the do- 
mains of competence mentioned in this chapter can be addressed on the basis of 
the learning scenarios planned for the children, if they also deal with the learn- 
ing-psychological, subject-didactic and interdisciplinary competence domains in 
the learning group as an example outside the subject level. 


4.4 Computer Science Didactic Competencies 


As already described at the beginning of Chapter 4, we will be guided by Shul- 
man’s PCK concept and the corresponding implementations of mathematics di- 
dactics when presenting the subject didactic competencies, expected in the goal 
agreements from early childhood educators and primary school teachers. How- 
ever, of central importance in this section are the concepts and models recently 
developed in subject didactic research in computer science. We will present them 
in somewhat more detail at this point and then specify them in the following sub- 
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sections of the chapter in rather concise form with regard to the respective cate- 
gories and the specific educational context in elementary and primary education. 

Computer didactic competencies describe teachers’ abilities to translate their 
subject-specific competencies into effective lesson design and learning scenarios 
for the learners in their target group. In teacher training, therefore, subject-specif- 
ic, subject-didactic and practice-oriented training phases are closely interlinked. 
In most cases, subject-specific scientific phases precede subject-specific didac- 
tic phases, since the subject-specific didactic preparation of computer science 
content requires corresponding subject-specific knowledge. However, this is not 
to be understood as a linear and one-sided process. The situational learning of 
subject-related content in subject-related learning scenarios in lessons at the ele- 
mentary and primary level can also contribute to the acquisition of subject-related 
and subject-didactic competence, e.g., for early childhood educators and primary 
school teachers. This must be kept in mind when organising learning scenarios 
for this target group. 

In this context, Shinners-Kennedy and Fincher point out that teachers’ profes- 
sional reflection on an important subject area in computer science technology can 
change their subjective views of this and related subject areas (Shinners-Kenne- 
dy & Fincher, 2013). They illustrate this by looking at the ‘Big Ideas’ of computer 
science, using Meyer and Land’s ‘Threshold Concepts’ (Meyer & Land, 2005): 


“It represents a transformed way of understanding, or interpreting, or 
viewing something without which the learner cannot progress. As a con- 
sequence of comprehending a threshold concept there may thus be a 
transformed internal view of subject matter, subject landscape, or even 
world view” (Meyer, Land 2003, p.1). 


With his concept of the fundamental ideas of computer science, Schwill has pro- 
vided criteria for identifying such ‘Big Ideas’, which can also serve as categories 
for selecting suitable learning content: Horizontal criterion (subject content can 
be explored at different cognitive levels), vertical criterion (subject content is rele- 
vant in many sub-disciplines of computer science), time criterion (subject content 
is relevant to computer science over a longer period of time), meaning criterion 
(subject content can be explored through the experience of the target group in 
their everyday world) and target criterion (subject content opens up a relationship 
to current research questions in computer science) (Schwill, 1993). For learning 
scenarios with children in primary schools and child-care centres, but also for ear- 
ly childhood educators and primary school teachers, content should be selected 
primarily with regard to the meaning criterion with its reference to everyday life. 
Furthermore, for this target group, in addition to the subject-specific significance 
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of the topic, its contribution to general education should also be taken into ac- 
count. Criteria from Klafki and Bussmann and Heymann can be used to assess this 
aspect (Bussmann & Heymann, 1987; Klafki, 1993). Klafki proposes the following 
criteria, among others: (meaningful) education for all, concerning all human abil- 
ities, concerning a key problem typical of an epoch, problem-oriented, combining 
subject-related and social learning. Bussmann/Heymann name the following as 
criteria for general education: Preparation for future life, foundation of cultural co- 
herence, world orientation, instruction in the critical use of reason, development 
of a willingness to take responsibility, practice in understanding and cooperation, 
and strengthening of the learners’ identity. 

Buchholz, Saeli & Schulte, following Shinners-Kennedy and Fincher, as 
well as Saeli, each propose a PCK model for the acquisition of competencies by 
computer science teachers, specified for a particular content (Buchholz, Saeli & 
Schulte, 2013; Saeli, 2012; Shinners-Kennedy & Fincher, 2013). While Saeli uses 
the example of programming to show how teachers can acquire pedagogical sub- 
ject competencies, Buchholz, Saeli and Schulte choose a more general approach 
and use the empirical instrument CoRe (Content Representation) to identify the 
PCK of a basic idea. This instrument aims to use appropriate questions to both jus- 
tify the selection of the corresponding content as a learning object and to describe 
the way in which it can be taught in a learning scenario. 


“CoRe involves the following series of questions: 
1. What do you intend the students to learn about this Big Idea? 
2. Why is it important for the students to know this Big Idea? 


3. What else do you know about this Big Idea (and you don’t intend stu- 
dents to know yet)? 


4. What are the difficulties/ limitations connected with the teaching of 
this Big Idea? 


5. Which knowledge about students’ thinking influences your teaching 
of this Big Idea? 


6. Which factors influence your teaching of this Big Idea? 

7.What are your teaching methods (any particular reasons for using 
these to engage with this Big Idea)? 

8. What are your specific ways of assessing students’ understanding or 
confusion around this Big Idea?” (Buchholz et al., 2013, p. 10) 


The questions related to a specific computer science topic also touch on important 
pedagogical fields of action in teaching practice, which need to be reflected upon 
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in the sense of PCK-related competence acquisition. Through the interlinking of 
theory and practice and the gathering of practical teaching experience, student 
teachers of computer science can acquire in-depth PCK in a cyclical process of re- 
flected practice on the basis of subject-specific and subject-didactic theory, which 
goes beyond purely superficial formal definitions of the media and methodolog- 
ical design of learning scenarios. Based on these theoretical considerations and 
on empirical data obtained in a computer science teacher training programme, the 
authors propose a two-dimensional PCK development model. 

One dimension refers to the didactic-methodological decision-making level, 
which can be tapped with the questions cited above, and is grouped according to 
three sub-areas: 


m teaching (what? why? depth of content?) 


@ learning (learners’ prior knowledge, assessment methods) 


™ other factors (teaching material, institutional conditions, content-related 
methodological arrangement) 


The second dimension represents a grading of the skills in the different areas of 
the first dimension on 3 levels, whereby a high level of reflection is expected at 
level 3 in each case, taking into account subject-specific and subject-didactic con- 
cepts and references to practice (Buchholz et al., 2013, p. 15). 
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Figure 39. Preliminary competence model (Buchholz et al., 2013, p. 15) 
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The competence model developed in the Federal Ministry of Education and Re- 
search (BMBF) project KUI “Kompetenzen fiir den Informatikunterricht” (Compe- 
tencies for Computer Science Teaching) offers a further point of reference for the 
presentation of the computer science didactic competencies of teachers (Hubwi- 
eser et al., 2013). Based on a category system derived from the ‘Darmstadt Mod- 
el’ (Hubwieser et al., 2011), which was developed as a computer science-related 
advancement of the learning theory models for lesson planning (‘Berlin Model’, 
Heimann, Otto & Schulz, 1979; Hamburg Model, Schulz, 1997), a competence 
structure model was first derived normatively-deductively. This was done on the 
basis of a qualitative content analysis (Mayring, 2010) of training curricula of com- 
puter science-teaching degree programmes, primarily at German but also foreign 
universities, and of relevant subject didactic literature. The competence structure 
model developed in this way was then empirically differentiated and tested with 
the help of expert interviews using the ‘critical incident method’ (see Hettlage 
& Steinlin, 2006). In a further step, a measuring instrument was developed and 
used which, with data from different target groups (experienced computer science 
teachers, student trainees, computer science-teaching students), on the one hand, 
provided indications of the corresponding expertise of the groups surveyed. On 
the other hand, it also offered the opportunity to check the validity of the underly- 
ing competence model (Hubwieser et al., 2013). Although the competence model 
and the associated measurement instrument were again primarily developed for 
computer science teachers at secondary schools, the categories contained in the 
competence structure model can also be adapted contextually and provide impor- 
tant information for the competencies expected of early childhood educators and 
primary school teachers in elementary and primary schools (both in and out of 
school). As a result of the normative-deductive analyses, a two-dimensional com- 
petence structure model emerged, which was later reduced somewhat for reasons 
of practicability during the empirical refinement (cf. Fig. 40). 


m Dimension 1: Fields of Pedagogical Operation (FPO), including sub-categories 
= FPO 1: Planning and design of learning situations 
= FPO 2: Reacting on student’s demands during teaching process 
= FPO 3: Evaluation of teaching processes 


m Dimension 2: Aspects of Teaching and Learning (ATL) with 15 sub-categories, 
which in turn are divided into 5 groups: 
= Group 1: Subject and curriculum related issues 
= Group 2: Teaching methods and use of media 
= Group 3: Learner related issues 
= Group 4: Teacher related issues 
= Group 5: Issues of the educational system 


4 Goals for Early Childhood Educators and Primary School Teachers 


In detail, the model for ATL dimensions looks as follows: 


FPO1 FPO 2 FPO 3 
ATL 1 
ATL2 
ATL15 
Cat. Nr. Field Subcategories 
descriptor 
FPO 1 Planning and - Time planning (Time allocation), 
design of learning | - Explanation of the planning: subject specific consist- 
situations ency, reasonability of the approach, psychological 
argumentation 
- Granularity: long term lesson planning, planning the 
entire curriculum, planning a lesson 
FPO 2 Reacting on stu- - Reacting based on understanding: flexible use of 
dent’s demands connected knowledge in critical situations, responding 
during teaching to students appropriately, responding flexibly 
processes - Mastering complexity 
- Keeping compliant with planning 
FPO 3 Evaluation of - Techniques, 
teaching pro- - Criteria 
cesses — Derive consequences 


Cat. Nr. Category Subcategories 


Group 1: Subject and Curriculum related Issues 


ATL1 Learning content - Multiple representations 

- Category systems for learning content 

- Specific school-related content 

- Selection and justification of learning content 

- Didactical (re-) construction of subject-matter knowl- 
edge 


ATL 2 Subject - Relations to other subjects 

- Definition of computer science education 

- History of computer science education 

- Relationship of the subject to the scientific discipline 
- Objectives of the subject 

- Legitimacy and relevance of the subject 


ATL 3 Curricula and - Curriculum development 

standards - Relation to other subjects 

— Approach and structure of the curriculum 
- Selection and commitment 

— Actual examples of curricula 
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ATL4 Objectives of - Focus on education standards 
lessons - Competencies 
- Learning objectives 
ATL5 Extracurricular - External collaboration 
activities - Contests 
ATL6 Science - Subject discipline 
- Computer science education as a scientific discipline 
- Relationship between teaching of the subject and the 
scientific discipline 


Group 2: Te 


aching methods and use of Media 


tional material 


ATL7 Teaching Methods |- Organizational arrangements 
- Methodological principles 
- Subject-specific teaching methods 
ATL8 Subject-specific - Introductory lessons 
teaching concepts | - Programming classes 
- Historical approach 
ATL9 Specific teaching |- Lab-based teaching 
elements - Experiments 
— Tasks and assignments 
ATL 10 Media and educa- |- Application of hardware and software 


Textbooks 
Unplugged media 


Group 3: Learner related Issues 


ATL11 Heterogeneity - Age 
in the context of - Gender 
subject-specific - Ethnical background 
learning - Family socialization 
- Disabilities 
ATL12 Student cognition |- General subject-related cognitive aspects 


Individual learning Diagnostics, performance evalua- 
tion and assessment 
Cognitive activation 


Group 4: Te: 


acher related Issues 


ATL 13 


Teachers’ 
perspective 


Collaboration 

Core tasks 
Qualification 
Motivation 
In-service training 
Teaching experience 
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Group 5: Issues of the Educational System 


ATL 14 School - Policies 
development - Quality management 
- School profile 
ATL 15 Educational - School type 
system - Enrollment 
- Organizational aspects of subject 


Figure 40. Competence structure model for computer science teachers (Hubwieser et al., 
2013) 


Inthe empirically based further development ofthe competence structure model, 
it became apparent that, similar to the model by Buchholz, Saeli and Schulte de- 
scribed above, the ability of teachers to combine subject-specific and subject-di- 
dactic knowledge and to translate this into practical, learner-related teaching op- 
eration is an important distinguishing criterion for the degree of computer science 
didactic competence acquired (Buchholz et al., 2013). 

In the following, we will briefly specify the findings from the presented com- 
petence models and publications on the subject didactic competencies of com- 
puter science teachers with regard to some relevant competence aspects for early 
childhood educators and primary school teachers. In doing so, we will also use 
adapted indicators from the KUI measurement instrument as well as adapted de- 
scriptions of competence from the subject-specific KMK descriptions of compe- 
tence (Kultusministerkonferenz, 2015). Due to the partial interdependencies, the 
descriptions ofthe competence categories are not always completely disjunct. On 
the subject-specific level, we refer to the competence expectations described in 
Section 4.4. With regard to the organisational design of computer science-related 
learning scenarios for early childhood educators and primary school teachers, ac- 
cording to the findings ofthe aforementioned studies, a cyclical design of courses 
should be considered that ... 


m closely aligns the acquisition of computer science competencies with the 
learning scenarios for the children, 


m combines subject-specific and subject-didactic problems with each other, 
and 


m includes the practical implementation of previously jointly developed learn- 
ing concepts and learning scenarios for children in a practical trial phase and 
their subsequent reflection. 
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4.4.1 Basic Computer Science-Didactic Competencies 

This section describes the basic computer science-didactic competencies that 
the early childhood educators and primary school teachers should have in order 
to be able to successfully design target group-related learning and educational 
processes of computer science education in primary schools and child-care cen- 
tres (see also Kultusministerkonferenz, 2015, p. 32). Early childhood educators 
and primary school teachers should have sound didactic and pedagogical-psy- 
chological knowledge of computer science education for children at the prima- 
ry and pre-school level and be able to organise learning scenarios for computer 
science education that are appropriate for the target group, taking into account 
the developmental and learning-psychological abilities of the children (cf. also 
Section 2.1). 


Early childhood educators and primary school teachers ... 


m are able to interpret and evaluate educational standards, recommendations 
and curricula for computer science education in primary schools and child- 
care centres and to plan and implement their learning scenarios in line with 
these recommendations; 


m can relate these recommendations in an appropriate way to requirements 
from orientation plans at the elementary level in order to derive criteria for 
the design of learning scenarios; 


m are familiar with important subject didactic concepts of ‘computer science 
education’ (e.g., basic ideas of computer science, ‘CS unplugged’, ‘computer 
science in context’) and their importance for general education and are able 
to take them into account when planning their learning scenarios; 


m are familiar with important forms of learning typical for computer science 
(e.g., explorative learning, application-oriented learning), as well as impor- 
tant phases of the development of small software projects and are able to 
take these into account when planning their learning scenarios; 


m are able to relate and reflect on current basic subject-specific and subject-di- 
dactic developments in computer science at the primary level and to include 
them in the planning of learning processes for computer science lessons; 


m are able to create initial basic ideas about the subject of computer science in 
the children through the conceptual interconnection of concepts of computer 
science; 
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are familiar with important Content and Process Domains of computer science 
and are able to present these in target group-specific and everyday language 
in order to contribute to the development of computer science terms and con- 
cepts in the children; 


are able to identify computer science facts in different application referenc- 
es and factual contexts from the children’s world of experience, to recognise 
their social significance at least to some extent and to use them for the design 
of learning scenarios of computer science education; 


are familiar with possibilities of illustrating basic computer science principles 
that appeal the visual, auditory and haptic perception of the children; 


are able to use their teaching experiences from the primary or elementary 
school level for computer science education and develop their own routines 
for pedagogical work in informatics learning scenarios; 


are able to motivate themselves and the children for computer science topics 
by creating authentic learning situations and contributing their interest in the 
subject of informatics. 


4.4.2 Competence for Planning of Computer Science Learning 


Environments and Learning Situations 


An essential element of the subject didactic competence of early childhood educa- 


tors and primary school teachers is their ability to design suitable learning scenar- 


ios in relation to computer science education. The sub-competencies required for 


this are described in this section. The general pedagogical and subject-didactic 


competence for planning computer science learning scenarios is just as important 


as the ability to contextualise the planning for specific organisational and peda- 


gogical framework conditions. 


Early childhood educators and primary school teachers ... 


are familiar with the essential elements of computer science learning envi- 
ronments and use this knowledge for the targeted construction of learning 
scenarios through an appropriate selection of topics that are authentic for 
children, as well as adequate media and methods for their development; 


are able to assess their planning of computer science learning processes with 
children with regard to the necessary temporal aspects of learning phases 
and take into account the children’s individual learning processes; 
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m are able to assess their planning of computer science learning processes on 
the basis of professional and learning-psychological criteria, especially with 
regard to the children’s cognitive development; 


m are able to select suitable learning contents for learning scenarios of comput- 
er science lessons and to justify the selection in terms of subject didactics 
(‘Big Idea’) and learning psychology; 


m are able to define the competencies to be acquired by the children in comput- 
er science learning processes individually according to their performance on 
the basis of educational standards of computer science; 


m are able to identify typical computer science pre-concepts, understanding 
and learning barriers of the children and to implement necessary formalisa- 
tions and abstractions of computer science principles according to the chil- 
dren’s cognitive abilities; 


m are able to present tasks and learning contents of computer science lessons 
in a target group-oriented, child-friendly manner and in various simplified but 
correct forms, as well as to make abstract computer science terms (e.g., algo- 
rithm, date, information, variable...) tangible for the children through various 
examples and through playful and investigative occasions of exploration; 


m are able to use motivating social forms typical for computer science lessons, 
such as group work on informatics systems, role plays or CS unplugged meth- 
ods, in such a way that the children’s competencies are promoted; 


m are able to select software suitable for children, e.g., programming languag- 
es or modelling tools and simple age-appropriate informatics systems (see 
Chapter 2) for computer science education atthe elementary and primary lev- 
el and to integrate them sensibly into learning scenarios; 


m are able to address gender-specific differences in early computer science ed- 
ucation, especially in the selection of tasks, and to counteract the formation 
of stereotypes. 


4.4.3 Action Competence in the Context of Informatics and Didactics 
This competence domain describes the expected abilities of early childhood ed- 
ucators and primary school teachers to specifically implement their planning for 
computer science learning scenarios in the practice of primary school education 
and in learning processes in child-care centres and to steer these in a suitable 
manner. This includes the following competencies: 


Early childhood educators and 
primary school teachers ... 
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are able to motivate children 
to learn computer science 
as well as to promote and 
evaluate individual learning 
progress within the frame- 
work of their pedagogical ac- 
tivities in computer science 
learning scenarios; 


know subject-specific inter- 


vention possibilities and are 

able to apply them in computer science learning scenarios according to the 
situation (e.g., in the case of computer science misconceptions, dealing with 
provisional and imprecise technical terms, reacting to children’s thought con- 
structions, heuristic assistance); 


recognise situations with computer science content in computer science edu- 
cation processes, take them up in an appropriate way if necessary and initiate 
further computer science-related actions and conversations in this way; 


are able to deal with learning difficulties of individual children also in situa- 
tions of group work with informatics systems and to provide targeted individ- 
ual support; 


are able to practically implement concepts for learning a simple program- 
ming language in computer science learning processes with a playful, also 
unplugged approach; 


are able to apply methods for activating children in computer science learn- 
ing processes at the elementary and primary level in a creative and motivating 
way in order to control and promote the learning process; 


are able to identify different individual performance levels of the children in 
computer science education processes during practical pedagogical action 
and to react appropriately to this heterogeneity through action suitable for 
the situation (e.g., process aids, naturally differentiated play and exploration 
environments and learning arrangements); 


encourage the children in computer science learning processes to learn in- 
dependently, to evaluate their achieved computer science solutions inde- 
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pendently, and thus to promote their self-efficacy in computer science com- 
petence domains; 


m promote the children’s reflection on their own actions with computer systems 
through group discussions and ensure a cooperative determination of the 
learning success and positive feedback of the achieved results to the chil- 
dren. 


4.4.4 Competence to Diagnose and Evaluate Computer Science Learning 
Situations 

In addition to contextual didactic competencies in computer science, which de- 
scribe the ability to act appropriately in education processes of computer science, 
early childhood educators and primary school teachers also need the competence 
to analyse learning situations in the subject with appropriate empirical methods 
in order to be able to draw conclusions for their own future pedagogical action in 
the learning group. Subject areas are indicators that concern the children’s ac- 
quisition of competencies on different levels (subject-related, social, motivational 
and volitional competence structure elements; see Magenheim et al., 2010), as 
well as relevant criteria of the pedagogical action context related to computer sci- 
ence (cf. Section 4.4). 

The pre-requisite for this competence is also a general diagnostic ability of 
the early childhood educators and primary school teachers. This also includes a 
general diagnostic ability in learning psychology with regard to the learning abil- 
ity of the learning group to be supervised as a prerequisite for planning learning 
scenarios. 


Expected competencies in this domain are: 


Early childhood educators and primary school teachers ... 


m know the basics of empirical competence assessment, performance diag- 
nostics and performance evaluation in computer science education, are able 
to understand their results and interpret them with regard to the design of 
computer science education processes in their educational institution (e.g., 
intelligence and computer science performance tests); 


m can analyse children with regard to computer science learning processes, 
their individual ways of thinking and ideas as well as with regard to their per- 
sonal learning prerequisites, previous experiences and abilities with the help 
of computer science-related diagnostic instruments (e.g., ‘Biber tests’ http:// 
www. informatik-biber.de); 
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m are able to create suitable assessment schemes for the computer science 
learning situations they organise, taking into account the methodological 
and media design used, and to assess the children’s performance in these 
learning situations; 


m are able to reflect on the computer science learning situations they have de- 
signed by means of empirically obtained data from their own learning group 
and, building on this, to revise their original planning for the learning scenar- 
io when repeating individual sequences; 


m are able to motivate children for learning computer science, as well as to pro- 
mote and assess individual learning progress of children on the basis of ap- 
propriate data; 


m are able to observe the development of children in computer science educa- 
tion and diagnose any need for intervention with regard to computer science 
learning processes in the educational institution and in the family environ- 
ment (e.g., in dealing with digital media). 


4.4.5 Competence of Professional Pedagogical Communication with 
Parties Involved 

Early childhood educators and primary school teachers at the elementary and pri- 

mary level often carry out their work in close cooperation with their colleagues 

and with the children’s family environment. In this pedagogical field of action, 

too, professional pedagogical communication competencies with all participants 

are necessary from the perspective of computer science education. 


Early childhood educators and primary school teachers ... 


m are able to explain the learning scenarios and the intended educational goals 
of computer science comprehensibly to the children’s parents and thus in- 
volve the children’s family environment in the educational process in a mo- 
tivating way; 


m are able to organise learning processes related to computer science in their 
educational institution in cooperation with their colleagues and to communi- 
cate with them appropriately on a subject-related and subject-didactic level 
when designing learning scenarios and informatics lessons; 


m are able to use forms of synchronous and asynchronous communication via 
digital media in addition to direct interpersonal communication in order to 
organise and coordinate learning processes related to computer science in 
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their educational institutions and to exchange documents via digital learning 
platforms; 


m can use their knowledge of basic functionalities and pedagogical application 
possibilities of digital media at the elementary and primary level to advise 
colleagues and parents on the use of media by children in the pedagogical 
context. 


4.5 Key Competencies for Dealing With Digital Media 


As explained above, the subject-specific and subject-didactic competencies 
of early childhood educators and primary school teachers also include a basic 
knowledge of the functioning of digital media — as specific informatics systems — 
and their possible applications in the classroom and in learning scenarios related 
to computer science (see Schulte & Knobelsdorf, 2011; cf. also Chapter 1). On 
the one hand, this knowledge is technically specified with regard to its applica- 
tion in pedagogical contexts. On the other hand, the competencies acquired in 
learning contexts of computer science for understanding and using digital me- 
dia can also be used by teachers in various other subject contexts and e.g., in 
counselling interviews with parents. With their concept of TPACK (Technological 
Pedagogical Content Knowledge), Mishra and Köhler have clearly worked out the 
connections between the subject-related pedagogical use of digital media and the 
subject-specific, subject-didactic, technical and pedagogical competence compo- 
nents (Mishra & Koehler, 2006). 

According to this model, the subject-specific competencies and subject-di- 
dactic competencies (see above: e.g., programming with Scratch, use of tangibles 
such as Ozobot, MakeyMakey, Mindstorms, etc.) acquired by early childhood ed- 
ucators and primary school teachers, represent a basic subject-specific TPACK, 
which can, however, also be transferred to other pedagogical contexts. In this 
respect, this kind of computer science-related competence acquisition of ear- 
ly childhood educators and primary school teachers can also contribute to their 
digital media literacy and their competent handling of digital media in various 
contexts of use. 
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tpack2/using-the-tpack-image/) 


This is an important aspect of education. For example, the ISTE Teacher Stand- 
ards require all teachers to have competencies in ‘Design and develop digital age 
learning experiences and assessments’, ‘Model digital age working and learning’, 
and ‘Promote and model digital citizenship’ (ISTE — The International Society for 
Technology in Education, 2008). Magenheim, Schulte and Scheel have present- 
ed a concept that identifies relevant computer science-content as important el- 
ements of digital media literacy for teachers of all subjects and thus clarifies the 
connection between ‘digital media literacy’ for teachers and their knowledge of 
fundamental concepts of computer science (Magenheim, Schulte & Scheel, 2002). 

The importance of such competencies to understand and use digital media in 
educational activities has been presented in detail: with regard to the diverse pos- 
sibilities of using digital media in schools, e.g., in Albers, Magenheim and Meister 
(2011), in Tillman, Fleischer and Hugger (2014) or Breiter, Welling and Stolpmann 
(2010) and with regard to the resulting expected competencies of teachers at the 
national level, for example, in the BMBF research project M3K on the media com- 
petence of teachers (Grafe & Breiter, 2014), in the KMK resolutions on media ed- 
ucation (Kultusministerkonferenz, 2012) or internationally on the part of UNESCO 
(UNESCO, 2012) with its ‘ICT-Literacy Concept for Teachers’. 
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In this sense, the goal dimensions described here for early childhood educators 
and primary school teachers can also make a Specific contribution to digital media 
education for this target group. 

Furthermore, in the sense of the three-dimensional OECD DESECO concept, 
educators can also be taught key qualifications for dealing with digital media in 
the information society: the ability to use digital media independently in differ- 
ent contexts of action, the ability to interact in heterogeneous groups and con- 
text-specific selection of appropriate digital tools (OECD, 2005). 


4.6 Conclusion/Recommendations 


The explanations in Chapter 4 have shown that adequate education and advanced 
training of early childhood educators and primary school teachers is an essential 
prerequisite for the successful implementation of computer science education in 
child-care centres and primary schools. Education and advanced training of early 
childhood educators and primary school teachers should be practice-oriented and 
geared to learning scenarios to be organised for the children (cf. examples and 
prioritisation proposals in Section 5.1). In this context, early childhood educators 
and primary school teachers should acquire basic subject-specific and subject-di- 
dactic competencies in the fields addressed here, which enable them to have 
sovereign pedagogical competence in organising and evaluating the computer 
science learning processes with the children. Furthermore, practice-based (prac- 
tice-integrated) training of early childhood educators and primary school teachers 
should promote their motivation to design education processes, and their basi- 
cally positive attitudes towards computer science and informatics systems should 
be fostered. This also includes the competent and critically reflective handling of 
digital media, especially in their function as learning media for computer science 
education. On this basis, early childhood educators and primary school teachers 
can then also acquire the necessary competence of professional communication 
with various groups of people involved in educational processes within their in- 
stitution in order to successfully implement early computer science education in 
child-care centres and primary schools. 
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5 Examples of Prioritised Competence 
Domains for Computer Science Education 


As already shown in sections 3.4 and 4.3, competencies can only be acquired in 
specific contextualised learning situations in which domain-specific action se- 
quences are realised in selected Content Domains. By means of selected exam- 
ples, this chapter shows how such learning scenarios of computer science educa- 
tion can be implemented successfully. The selection of the competence domains 
as a combination of Process Domains and Content Domains was justified in sec- 
tions 3.4 and 4.3. It is based on the 10 criteria mentioned there, which are orient- 
ed towards subject-specific, subject-didactic, learning-psychological and general 
education aspects, among others. The examples of implementation were chosen 
in such a way that they cover the already prioritised fields of competence (C/P): 


m Modelling and Implementing (P1) of Algorithms and Programmes (C2) 
m Interacting with and Exploring (PO) Informatics Systems (C4) 
m Representing and Interpreting (P5) Data and Information (C1) 


m Modelling and Implementing (P1) of Languages and Automata (C3) 


As shown above, the examples primarily refer to one or two fields of competence 
but usually also touch on several others. To illustrate this, a “heat map” of the 
competencies addressed is also provided for each example. Dark colours sym- 
bolise a strong representation of the competence in question in the respective 
example. Conversely, lighter colours indicate that the relevant competence is only 
marginally addressed in the example. 

Asummarising heat map is presented at the end of Chapter 5 (cf. Section 5.2) 
to clarify the recommended prioritisation of competencies as a whole. Independ- 
ent of context, it illustrates which competencies (combinations of Process and 
Content Domains) are generally recommended for pedagogical implementation. 
For this purpose, only the primarily selected competence from each example is 
included in the summarising heat map. However, the Content Domain ‘Computer 
Science & Society’, which we, like many national and international curricula for 
junior and senior secondary sections, consider highly important is not a priority 
area for the target groups of this recommendation. Nevertheless, it should be in- 
tegrated into the learning scenarios in a child-friendly way in individual examples, 
as shown below. 

Since, from a subject-didactic point of view, the competencies to be acquired 
in the individual examples are independent in terms of content and early child- 
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hood educators and primary school teachers can design their complexity in adapt- 
ed learning scenarios according to the cognitive abilities of the learning group, 
as well as to their needs and interests, it is difficult for the team of authors to 
assign the examples to age levels such as child-care centre or primary school. In 
this case, the practical implementation of the proposed examples would first have 
to be evaluated by means of empirically based accompanying research, in order 
to be able to make recommendations for grading on the basis of the experience 
gained. 


5.1 Examples of Early Computer Science Education 


5.1.1 Interacting With and Exploring Informatics Systems 
Prioritisation: C4 (Informatics Systems) and PO (Interacting and Exploring) 
Also addressed: C2+PO and C2, C4+P1 


Example: Exploration of an informatics system with LEGO WeDo 


Executive summary 


Children use LEGO WeDo and instructions to build an informatics system, e.g., a 
robot or a controlled animal. Alternatively, they can use a system that has already 
been assembled. 

This system consists of motors, sensors and actuators that can be pro- 
grammed and controlled in combination with the corresponding software. 

Children can explore the individual components of the system and their inter- 
action, also in combination with programming. In this way, they learn about the 
components of the system and their interaction. In further steps, the system can 
be programmed and competencies in the field of algorithms and programming can 
be developed. Here, too, an explorative approach can be followed. 


Objectives 


By exploring the informatics system, children learn about the different compo- 
nents of the system and their functionalities. For example, the system consists of 
sensors and actuators. By exploring the system, children learn that, for example, 
actuators always react when the sensors pick up a signal (e.g., a noise or bright- 
ness). At this point, the IPO principle can also be addressed, for example. 

Furthermore, insights into mechanical functionality vs. computer-science 
functionality can be gained, e.g., by replacing gears. 

In a further step, programming can be added. Here, the children can explore 
and try out how, for example, motors are controlled or how actuators generally 
wait for inputs from a certain sensor. 
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LEGO WeDo is very well suited for exploration-based work. Learning theory focus- 
es on constructionism, which was founded by Seymour Papert (1991). 

Children investigate a frequently occurring real-life problem, e.g., the kicking 
range of a football player or sorting objects. To do this, they can first carry out nu- 
merous experiments and investigations that are either already carried out with the 
constructed system (see example of football player) or lead to the development of 
ideas for constructing their own system (see example of sorting). In a further step, 
they can modify the existing system or construct their own new system. In this 
way, the children learn about the construction and functioning (including a little 
insight into programming) of the system, similar to the idea of “tinkering”. 


Possible examples: 

Football player: Here, for example, the kicking distance can be determined for a 
given ball. In further steps, the lever can be changed, for example, and the shoo- 
ting distance can also be determined. The next step could be, e.g., to add a sensor 
that waits a certain time for a ball, or complement the system so that the player 
automatically returns to the starting position, etc. 
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Sorting machine: Learners solve a real problem, investigate how machines for 
sorting objects work and develop a sorting machine, check its functionality and 
experiment with different initial situations. 


Justification 


By exploring and purposefully investigating an informatics system (both at the 
hardware and software level), children learn about and become enthusiastic 
about new informatics systems. They try out the systems and discover new phe- 
nomena. To better understand the behaviour, they create models to describe the 
behaviour. In further steps, children can participate in the design of informatics 
systems, e.g., by making adjustments to them. In this context, they also learn to 
deal with errors. 

It can be assumed that these competencies are helpful in dealing with new 
informatics systems. In today’s world, we are constantly confronted with new IT 
systems. By operating the systems, we construct mental models for these sys- 
tems. Since the basic structure of informatics systems is always the same, it can 
be assumed that the acquired competencies contribute to more confident han- 
dling of informatics systems. 


5.1.2 Programming and Algorithms 

Prioritisation: C2 (Algorithms and Programming) and P1 (Modelling and Imple- 
menting) 

Optionally addressed: P3 + P4 


Example A: Storytelling 


Executive summary 


Children create a short story or animation with a suitable programming tool. To 
do this, they look at templates, modify them and develop their own little stories 
on this basis. 

They get to know the programming environment, a selection of basic pro- 
gramming instructions, and the structure of the examples and adapt them to their 
own ideas (in the literature, adapting foreign examples is also called ‘remix’). 


Objectives 


Programming at this level: Expanding the expressive competence. Programming 
understood as: “define now, execute later/let others execute”. 

Expressive competence: The ability to express and share one’s own ideas and 
thoughts with others. 
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Algorithms: Basic algorithmic building blocks: Instruction, branching, looping 
and possibly interaction, etc. (cf. e.g., Scratch overview page) 
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The idea of linking introductory programming with (animated) storytelling, prob- 
ably originated in different places. The idea was developed as part of her PhD 
project by Caitlin Kelleher (2006), who was looking for ways to introduce girls to 
programming. She experimented with Alice (a 3D environment) and observed that 
children aged around 9-15 enjoyed using the system to create small stories, em- 
ploying the important basic building blocks of programming. She formulates the 
advantages ofthe approach in her dissertation as: 


“Storytelling is a good context for middle school girls to learn 
about computer programming: 1. Given a little bit of time, most gir- 
ls can come up with a story they would like to tell. Storytelling is, at 
its core, a form of communication which is an important activity to 
most middle school girls. 2. Stories are naturally sequential, allo- 
wing users to begin by creating sequences of instructions and gra- 
dually progress to more advanced programming concepts as they 


40 Exploring the functions of the programming environment as well as, e.g., in troubleshooting, general 
exploration of how the computer works (for specialists: exploring the ‘notional machine’) 
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gain experience and confidence. 3. Stories are a form of self-ex- 
pression and provide girls an opportunity to experiment with diffe- 
rent roles, a central activity during adolescence. 4. Non-program- 
ming friends can readily understand and appreciate an animated 
story, which provides an opportunity for girls to get positive feed- 
back from their friends” (Kelleher, 2006, p. 32). 


Compared to working with a more traditional programming environment/appro- 
ach (Kelleher, 2006, p. 38), the children did not learn more but spent more time 
on the activity of programming and expressed a stronger interest in continuing 
to programme with the system on their own and/or in further courses. Kelleher 
concludes: 


“Storytelling can provide a gentle, motivating introduction to pro- 
gramming concepts. Girls often begin by creating sequences of 
instructions and, as they gain confidence, create new scenes and 
new actions for their characters, tasks which often require more 
complex programming constructs. Girls’ storyboards commonly in- 
cluded motivation to use methods, parameters, loops, and parallel 
execution” (Kelleher, 2006, p. 39). 


The idea was implemented as so-called ’storyboarding’, which can be assigned to 
the competence domain “Modelling”: 


“In the first step, they (the children) wrote a single-paragraph de- 
scription of the story they were planning to create. In the packet, 
| encouraged them to think of this paragraph as being similar to 
the description one might find on the back of the DVD box. In the 
second step, the worksheet directed girls to break their story into 
3-5 separate scenes. For each scene, girls wrote a description of 
the setting, what happens during the scene (in 1-2 sentences), and 
the purpose for the scene (what the audience should learn from the 
scene). Finally, girls created a series of storyboard frames for each 
of their scenes. The worksheet provided 9 frames per scene and 
directed girls to both draw the frame and provide a short textual 
description of the action in that frame beneath it. In practice, most 
scenes contained 4 to 6 frames and accompanying textual descrip- 
tions” (Kelleher, 2006, p. 75). 
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Such storyboards do not necessarily have to be written but can also consist of 
small drawings: 
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Figure 42. Example of a StoryBoard (Kelleher, 2006, p. 54) 


Storyboards can be used to model processes and to convey the idea that the tech- 
nique encourages people to adapt to new ideas as they progress. 

When the potential of the storytelling approach became clear, Kelleher began 
to develop programming environments specifically suited to this approach. The 
environment from the PhD project was called StoryTellingAlice. She is now work- 
ing on LookingGlass*! with her own team, and is trying to put storytelling at the 
centre (Kelleher, 2015). It allows the simple representation of graphic characters, 
the interaction with these characters (cf. LookingGlass examples), easy use of 
graphic elements and controlling them with programme instructions, e.g., moving 
them or having characters speak, etc. 

Since stories are mostly simple linear sequences, the choice of programming 
commands used is somewhat limited. Adams and Webster compare three differ- 


41 https://lookingglass.wustl.edu 
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ent introductions to programming (young people from about 16 years) and find 
that the storytelling approach tends to use simpler algorithmic sequences: 


“Students creating games used the most variables, if statements, 
and loops. Students creating music videos used nearly as many lo- 
ops as games, but far fewer variables and if statements. Students 
creating story-telling projects used the fewest loops, variables, and 
if statements, but made the most use of dialogue”“? (Adams & Web- 
ster, 2012, p. 648) 


According to Kelleher, however, there are still many possibilities: 


“Users of both Storytelling Alice and Generic Alice experimented 
with programming constructs beyond simple sequences. A majo- 
rity of the participants in both groups used Do Togethers to have 
multiple animations occur simultaneously. 53% of the users of Sto- 
rytelling Alice created a new method and used it in their program 
as opposed to 30% of the users of Generic Alice. 33% of the users 
of Generic Alice used loops as compared to 12% of the users of 
Storytelling Alice” (Kelleher, 2006, p. 184). 


Scratch“ is a similar environment. In a lecture,“ Michael Resnick, one of the foun- 
ders of Scratch, pointed out the many expressive possibilities of this program- 
ming environment. He was most touched by examples of greeting and congratu- 
lation cards that children had created for their grandparents, for example. These 
examples (which can be posted on the Scratch website) illustrate the importance 
of the programming environment for expanding expressive competence and also 
show that children have embraced the tool and activity of programming to the 
point where they can use it creatively for their immediate needs. 

Similar experiences are repeatedly reported: Based on the exploration of sim- 
ilar examples, children quickly become active themselves and begin to change 
smaller things, first the colour and shape of the figure, if necessary, and eventual- 
ly their behaviour to an increasingly greater extent. Children can largely (or even 
completely) control independent exploration and experimentation with individual 


42 Dialogue refers to method invocations that make the characters say something or think out loud 
43 https://scratch.mit.edu 
44 https://www.ted.com/talks/mitch_resnick_let_s_teach_kids_to_code# 
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possibilities for change (step-by-step refinement) themselves. The environments 
also offer more and more support for gradual introduction“. 

In order to promote these own activities, children should first be given the 
opportunity to deal with programming environments (developed for children) ina 
playful way and without external requirements, in the spirit of the “Free Explora- 
tion and Experimentation” approach (FEE; see Késter, 2006). Observing the chil- 
dren during this initial orientation phase and the subsequent, often already some- 
what more systematic exploration helps to recognise how the children proceed, 
which (often initially non-verbalised) questions they pursue and where they need 
support. Only when the children express the need for support or it becomes clear 
that they are not making progress on their own, can impulses or more open-ended 
tasks (such as “Tell your own story, draw your own moving picture” etc.) be helpful 
to strengthen creative expression and their own connection to the programming 
project. 

An important feature of such tools and approaches is therefore the ease with 
which they can be inspired by other stories and use them as templates for their 
own stories (adapting or remixing). 

If children are not doing this anyway, it is a good idea to encourage them 
to share ideas in between and summarise what possibilities and interesting pro- 
gramming commands they have already explored. Giving children the opportuni- 
ty to present the structure of an example shows appreciation for what they have 
already achieved and can lead to shared further ideas“. Children can describe 
how they have created the flow of a story or how they intend to create it further. 
Storyboards can be drawn for this purpose, like in the case of films/comics (cf. 
example above, Figure 42). 

In this way, children can also gain a first idea of what an algorithm is. Depend- 
ing on the learning group, a reflection on the expression tools used with regard to 
designing a “flow” (as a term for algorithm) can take place in order to make clear 
that the story told represents an algorithm and that corresponding commands can 
be used: simple instructions and method invocations, possibly also loops and 
branching, etc. 


Justification (acquired competencies) 


Programming can and should be seen as a contribution to the development of ex- 
pressive ability (Schulte 2013), in the context of general education: In this sense, 
a programme is an aesthetic artefact, a medium of expression and communica- 


45 Scratchjr (https://www.scratchjr.org/) is an example of such recent development. The programming 
environment is aimed at children aged 5-8. 

46 There are materials on Google’s storytelling approach that could be adapted for our target group if 
necessary: https://csfirst.withgoogle.com/c/cs-first/en/storytelling/materials. html. 
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tion. Children can and should learn to use this form of expression and understand 
how it works. Programming exercises refer to the production of a mostly visual 
and animated, creative and artistic result and are mostly self-serving, similar to 
pictures painted on paper. 

During the creation of the product (= programming) the goal may change, 
partly because new possibilities of expression are recognised, partly because 
new ideas emerge. This kind of programming is therefore self-directed (mostly 
within a framework) and thus contributes to self-efficacy in dealing with informat- 
ics systems and to the development of interest in programming and in the func- 
tioning of programmes and promotes the motivation to continue programming 
independently. A life-world and everyday relevance results from use in communi- 
cation and design contexts in which small self-made aesthetic products play a role 
(e.g., greeting cards for certain occasions). 


Example B: Programming Unplugged 


Executive summary 


There are numerous unplugged approaches for first experiences with program- 
ming. Many of these approaches focus on controlling a robot. 

In some approaches, children themselves are the robots and are guided 
through a course by other children with specific commands. In other approaches, 
the robot characters are controlled, for example, over playing fields. The program- 
ming is done with cards or puzzle-like building blocks, for example. 


Objectives 


The aim is for children to playfully learn and understand the first steps of program- 
ming as an important concept in computer science through trial and error and 
experimentation. Thus, from the example of robots, they learn that you have to 
give them precise instructions in order to control them. 
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Heat map 


Content Domains 


Process Domains 


Explaining 
instructions 
for action 


Interpreting Assigning 
instructions parts of the 
for action robot 


Description 

Programming via the unplugged approach - as is usual in this field - is initially 
introduced without the use of a real informatics system. However, a kind of “pseu- 
do” informatics system is often used for unplugged teaching of programming. This 
is often a robot symbolised by children themselves or by a character. Basic pro- 
gramming constructs and simple commands on command cards can be visualised 
in different ways using symbols, text cards, puzzle pieces or similar. 

Children can be given different tasks for the robot to complete, such as guid- 
ing classmates through a course (Dworschak, 2015) or controlling robots across 
a playing field. They have to solve these tasks by programming, which is done 
with the help of the command cards. The level of difficulty and the number of com- 
mands or programming constructs can be increased gradually. The sequences 
of actions formulated in this way are then checked by guiding the partner child 
through the course or the robot over the playing field using the commands. 
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Figure 43. Children programming a robot over the playing field (example from the project 
Computer Science at Primary Schools NRW, photo Kathrin Miiller) 


Another well-known example for understanding algorithms and specific com- 
mands is the “jam sandwich algorithm””. Here, the task for the children is to in- 
struct a robot (usually implemented by the educator or teacher) to spread jam on 
a slice of bread. Part of this task is to write an algorithm. 

The big advantage of this unplugged approach is that it is inexpensive and 
does not require any technical equipment at the learning venue. This can also re- 
duce the entry difficulties for educators or teachers, because they do not have 
to be afraid of technology failure, for example. Nevertheless, they need a basic 
knowledge of computer science in the field of programming in order to be able to 
carry out appropriate learning units. 

In principle, we think it makes sense to follow the unplugged approach when 
starting with programming and to use an informatics system in a further step. 


Justification 


The essential concept to be discovered in this example is the concept of program- 
ming. A basic understanding of what programming is in the first place, when | am 
programming and how it basically works, is important to get along well in our dig- 
ital world. Especially when it comes to adapting programmes to one’s own needs, 
be it through specific setting parameters or macros. 

With his quote: “Programme or be programmed”, Rushkoff (2010) also under- 
lines the significance of basic programming skills in our digital world. It can be as- 
sumed that basic programming knowledge contributes to a better understanding 
of digital systems and also increases skills in the field of end-user programming. 
These skills are becoming increasingly crucial in today’s world if you don‘t want to 


47 http://code-it.co.uk/unplugged/jamsandwich 
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have to call a technician for every setting change in the smart home etc. and rely 
on them to get it right. 

As children are also increasingly encountering informatics systems that they 
can programme themselves, at least at the end-user level, the skills they acquire 
support them in using these systems safely. 


Example C: Solving tasks/puzzles algorithmically with an informatics system 


Executive Summary 


Children deal with given small tasks that are to be solved algorithmically with the 
help of an informatics system (e.g., app or robot) and whose solution can be im- 
plemented and tried out. 


Objectives 


a) Application of the basic structures of programming as a sequence of elementa- 
ry, unambiguous, mostly simple instructions (e.g., step forward, turn) 
b) Introduction to the use of repetitions, conditional statements, procedures 


Heat map 


Content Domains 


Process Domains 


Modelling 
processes 


Description 


Comparable to the unplugged example, children are to solve simple tasks by 
controlling a robot-like character with (usually movement) instructions in order 
to reach a certain goal. The instructions can usually be carried out immediately 
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and are animated and followed with the help of the robot. These examples tie in 
with Papert’s constructionism learning approach (cf. Section 2.3), with the aim of 
learning from specific objects. 


Specific design: 


m Create graphics based on the topic of Frozen: 
https: //studio.code.org/s/frozen/stage/1/puzzle/1 


m Create a game based on the topic of Angry Birds: 
https://studio.code.org/hoc/1 


m “Paint” numbers using BeeBot 
http://barefootcas.org.uk/wp-content/uploads/2014/09/Bee-Bots-1-2-3- 
Activity-Barefoot-Computing2.pdf 


m Solve tasks using Lightbot: 
https://lightbot.com/ 


Justification 


See Example B (above). 


5.1.3 Presentation and Transmission of Information 
Prioritisation: C1 (Information & Data) and P5 (Representing and Interpreting) 
Also addressed: PO + P2 + P5/C1 + C4 + C5 and optionally: P3 + P4 


This domain is illustrated with sample units that are likely to be more suitable 
for the upper age group of primary schools (3"/4"" grade). Experience from the 
InfoSphere school laboratory is available for these units and a corresponding 
sequence of learning units was tested at primary schools as part of the project 
“Computer Science at Primary Schools” in cooperation with the NRW Ministry of 
Education“. Similar competencies (possibly at a lower level) can be developed for 
younger children by using the same combination of Process and Content Domains 
and age-appropriate examples. 


Executive Summary 

Information is the third basic quantity of nature, next to matter and energy (see 
Wiener, 1948). Dealing with information leads to permanent social change and 
should already be known and understood by primary school children. The aim is 


48 https://www.schulministerium.nrw/informatik-grundschulen 
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to give primary school children the opportunity to gain their first experience of the 
digital world. 

In the process, children’s everyday questions regarding data transmission 
are to be addressed and explained, but also abstract everyday problems, such 
as errors in data transmission and the possibility of recognising them, are to be 
worked out and made tangible for children. As the basis of digital data transmis- 
sion, the binary representation of digital data in O and 1 forms the connecting 
element. 

In the following exemplary implementation using four building blocks, the 
children’s experiences are to be taken up as an introduction. Building on this, 
the topics of binary representation, data transmission and error detection can be 
dealt with. 


Objectives 


The aim of possible modules on the topic of information representation and inter- 
pretation is to give children an insight into the digital world. Children should re- 
alise that information can be represented in different ways. For use in the “digital 
world”, all information must be binary coded, which is indeed happening increas- 
ingly: Texts, pictures, sound and video are represented by a set of “O” and “1” and 
are thus transferable and processable by informatics systems. 


1° building block: Access to the topic 
Using QR codes, children learn that information can be represented in different 
forms (letters, numbers, codes). 


There are also other age-appropriate approaches, such as colouring in boxes in a 
distributed way, which, when put together, make a picture. 


24 building block (possibly in combination with mathematics): Number represen- 
tation 

Children get to know the binary code. They realise that allnumbers from 0-15 can 
be represented with the four-digit binary code. 


3". building block: Data transmission 
Children learn to transmit simple messages with the acquired knowledge on bina- 
ry codes and also to decode received messages. 


4‘. building block: Error detection 
With the help of a control bit, children learn one way to recognise errors. 
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Learners 

describe their personal handling of informatics systems, 

explain the principle of data input and data transmission, 

justify the limitation to the states ‘power on’ (1) and ‘power off’ (0), 
explain how information can be converted into digital data, 

convert numbers, letters into binary code and vice versa themselves, 


explain the necessity of error detection mechanisms in data transmission and 


describe a given procedure for locating an error and apply it. 


Heat map (summary of the 4 units): 
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Description 


Possible specific ideas for implementation of a series of 4 units with the topics: 
Coding, Binary Representation, Data Transmission, Error Detection: 


Unit 1 - QR-Code 

In the first unit, children should recognise the relationship of the forms of rep- 
resentation discussed in the course to their own lives. QR codes serve as an in- 
troduction here. Children describe them (the central point is the pure colouring in 
black and white, i.e., two states) and discuss where they have already discovered 
them. 


Unit 2 - Binary Representation 
The aim of the second unit is for the children to realise that, in addition to the fa- 
miliar decimal representation, there is also a special form of representation with 
which computer systems work: the binary representation. Even pre-school chil- 
dren are already familiar with different representations of numbers, e.g., fingers, 
lines, matches or apples. It is important that children recognise the comparison or 
analogies between the familiar ten-digit decimal system and the two-digit binary 
system. In both systems, only a certain number of different numbers can be repre- 
sented with a certain number of digits (with three digits in the decimal system the 
numbers from 0 to 999 and correspondingly in the binary system only the numbers 
from 0 to 7). It is equally important that the educator or teacher establishes the 
reference to familiar informatics systems (computer, smartphone, tablet). The fact 
that computer systems work by ‘switching power on and off’ should be addressed 
and that data can be transmitted via a cable by (very fast) changes (see Unit 3). 

To get a feel for this form of number representation, children could make a list 
of all possible combinations and thus realise that the digits 0 to 15 can be repre- 
sented by the four-digit code. 

It is also important that learners realise that the form of binary representation 
can also be transferred to other things with two states (lamp on/off, small card in 
blue/red). 


Unit 3 - Data transmission 
The aim of this unit is to extend the acquired knowledge about number representa- 
tions to letters and punctuation marks and to experience ways for transmission. 
The unit ties in directly with the previous unit by using a code table for the bi- 
nary representation of letters and punctuation marks instead of decimal numbers. 
In this way, words or even sentences can be coded. It can either be written down 
by hand on paper and the message then passed on, or it can be done electrically 
using switches, cables and lights. Children can thus send messages to each other 
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“like a computer”. In doing so, the whole process starting from the information, 
to its binary representation, the transmission and finally the retransmission is re- 
peated several times and consolidated. Here, too, the reference to real computer 
systems should be made. 


Unit 4 - Error Detection 

In this last unit, the aim is to make the learners aware of the problem of trans- 
mission errors and to give them a first idea (e.g., with the help of test bits) of how 
these errors can be detected. 

A faulty message is sufficient to make the topic of ‘transmission errors’ intui- 
tively accessible to the children (e.g., in the word KINDE/AR, an A (00001) could be 
transmitted instead of an E(00101)). The topic of transmission errors is addressed 
in a class discussion by means of such an example. The example of controlling a 
robot can also be used to illustrate that a transmission error can not only lead to 
a wrong letter in a message but can have far more serious consequences. After- 
wards, the children can develop their own ideas for error detection. Finally, the 
unit leads to the possibility of a check bit, which can be made clear to the children 
by means of another digit in the code table, which is filled with 0 or 1 in such a way 
that the number of digits is even in each case. 


Justification 


The essential concept to be discovered is that information can be represented in 
different ways. For the digital world, it is decisive that it is sufficient to distinguish 
between two states and that any information can be encoded in this way. These 
two states can (simply) be transmitted in different ways. Binary representations 
can represent any text, numbers, colours, addresses, images, videos, structured 
data such as tables, sports scores, etc. 

Through uniform coding, information can be easily transmitted and under- 
stood by different informatics systems “all over the world” and represented for 
people in their language and in a suitable format (e.g., pictures, graphics, tables) 
(coding, transmission, processing, decoding). The principle of displaying data 
in different representations, e.g., different natural languages, spoken or written 
word, pictures or symbolic representation, tables, football results, etc., is essen- 
tial for communication and thus also important outside computer science. 

Everyday relevance for children can be established by picking up familiar in- 
formation representations, e.g., traffic light signals, QR codes, colour markings 
when assigning objects among siblings, etc. 
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5.1.4 Exploring and Structuring the Internet 
Prioritisation: C4 (Informatics Systems) and PO (Interacting & Exploring) 
Also addressed: P2 + P3/C1 +C5 


Executive Summary 


We use the Internet every day. We look at websites, write emails, chat with our 
friends, etc. But how does it all work? How does the website get onto our comput- 
er? 

With these questions, children could learn about the individual components 
and ideas behind the technology. One idea would be to divide the study of the 
topic into two large parts. In the first part, children learn in small groups about the 
different technologies and procedures that are important for the functioning of the 
Internet. Station learning is particularly suitable for this, whereby each station is 
dedicated to a specific topic and makes it tangible through small experiments. The 
stations should deal with the following topics: 


Converting decimal numbers into binary numbers (see Section 5.1.3) 
Transmission of data (see Section 5.1.3) 

The fast network in the background 

Breaking down and structure plan of a website 

How a DNS server works 

The client-server principle 


Structure of Internet addresses 


Security during data transmission 


A quiz, for example, in which the learners repeat and thus consolidate their acqui- 
red knowledge, is suitable as a backup. 


Objectives 


The main goal here is that children recognise the rough structure of the Internet 
and develop a feeling for the fact that data is sent over the net and also stored 
outside their own computer (or tablet, smartphone). They recognise the necessity 
of logging on to particular websites. This basic knowledge about the technology 
of the Internet enables children in the future to rationally reflect on their behav- 
iour on the Internet and to form their own opinion beyond scaremongering and 
glorification. In detail, the following objectives and topics can be addressed in 
the example: 
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m Relation to children’s own use of the Internet 
Children should be made aware of their own current and future relationship 
to the Internet. 


m The Internet as an interplay of components 
By breaking down the informatics system ‘Internet’ into its components, the 
learners can work out an overall connection. 


m Representation and transport of information in the form of data 
The learning content on abstracting information (e.g., e-mails and web pages) 
in the form of data represents a fundamental principle. 


m Sequences of action and client-server applications 
Client-server principle and the principle of a DNS server are to be taught as 
basic principles regarding the sequence of actions in the context of the Inter- 
net. 


m Security of data transmission and encryption 
Already in primary school, children can be made aware of the problems and 
dangers of using the Internet. 


m Structure of an Internet address (URL) 
The URL as a central element of the Internet should be taught with regard to 
its structure in order to make it possible to determine its validity. 


Heat map 
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Description 


The following description contains ideas from the module “How does the Internet 
work?” of the InfoSphere learning lab. 

To motivate the children, they could brainstorm on different possibilities of 
the Internet based on the question ‘What can the Internet do?’ In this way, they 
start by learning and reflecting on what skills and applications are possible on 
and with the Internet. Then they can move on to the question ‘How can the Internet 
do all this?’ 

As a basis for working through the stations, the step from data to representa- 
tion as binary numbers for transporting this data is shown. A light bulb that can be 
switched on and off with a switch can serve as an example from everyday life for 
switching electricity on and off. Building on this, the representation of a picture 
as a number chain is then explained as an example. Here, the image is reduced to 
the individual pixel, and this is then coded into a binary number. In this way, this 
unit could tie in with the previous example on the topic of binary representation. 

In the further course of the unit, the children work in small groups at stations, 
working out one aspect of the Internet at each such station. Due to the content-re- 
lated foundations laid in the first part, it is possible that each station of the tour 
can be used as a Starting point for the work at the stations. In order to give the 
children an orientation for the work at the stations, they should be introduced 
beforehand and the respective starting points and processes should be briefly 
explained. In addition, the children could be given a worksheet on which they 
receive a stamp for each station worked on, so that they can keep track of the 
process themselves. 

Throughout all stations, some models appear again and again. Thus, these 
model-like illustrations retain their meaning for the duration of the station learn- 
ing. Binary numbers can be represented in the form of small wooden beads. Here, 
the colour white represents the number 0 and black the number 1. These beads 
are transported in different ways. Mainly, pipes are used as a model for the cable 
connections through which the beads can be sent. 

Following the station learning, the newly acquired knowledge about the In- 
ternet could be consolidated in a quiz in the style of the German TV programme 
‘1, 2 oder 3’ (in the broadest sense similar to “Who wants to be a millionaire?”). 
In this quiz, questions are asked about the individual stations with three possible 
answers and the children have to stand in the field behind which they assume the 
correct answer. If the answers are correct, the children receive points. In this way, 
the competitive nature of this quiz is promoted and thus the motivation to perform 
is generated and maintained. 
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This part has two main purposes. The content learned in the stations is to be re- 
peated and consolidated. The questions are therefore chosen to fit the learning 
objective of the respective station. 

Further information on the InfoSphere module is available at http: //schueler- 
labor.informatik.rwth-aachen.de/module/internetspiel. 


Justification 


As a worldwide medium of communication and information, the Internet has com- 
prehensive social significance. Skills and abilities and, most importantly, an un- 
derstanding of these technologies have become indispensable for participation in 
social life. Above all, access to knowledge about society as a whole is increasingly 
taking place via the Internet. In the future, children will no longer be able to partic- 
ipate fully in social life (in everyday life as well as at work) without the appropriate 
prior education. 

The smartphone is replacing the conventional mobile phone and the comput- 
er is more and more making its way into children’s and young people’s rooms. This 
is shown in a study by the Initiative D21 entitled “Education via the Internet: How 
connected are Germany’s children?” (Initiative D21 e.V., 2008). In the age group 
of 7- to 10-year-olds, 86.2% of the children use the computer at home. Among 11- 
to 15-year-olds, 93.7% have a computer at home. Most of them (87.1%) use the 
Internet on the computer (see Initiative D21 e.V., 2008, p. 7). 


5.1.5 Modelling of Automata 

Prioritisation: C3 (Languages and Automata) and P1 (Modelling and Implement- 
ing) 

Also addressed: PO + P5/C4 + C5 and optional: P1/ C2 


Example: Exploring and modelling a traffic light system at a pedestrian crossing 
(intersection) as an informatics system 


Executive summary 


The example describes the possibility of implementing competence domain P1/ 
C3. In the example, traffic education and aspects of computer science can be com- 
bined by exploring a real traffic light system. The example should help children 
to develop the ability to discover informatics systems in their real world and to 
recognise associated information-processing procedures. The example is suita- 
ble for introducing children to important concepts of computer science of finite 
automata and state-oriented modelling. At the same time, the social significance 
of such systems can be made tangible, e.g., by comparing it with traffic regulation 
by a human being. 
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Objectives 
The children should... 


m beable to describe a traffic light system and its functions, 

m be able to describe the significance of a traffic light system for traffic regula- 
tion, 

m beable to describe the traffic light system as an informatics system with input 
and output devices, 

m beable to describe the traffic light system as an automaton with input signs, 
output signs, states, rules for state transitions and a ‘language’ used for this 
purpose, 

m beable to model a simple usage scenario (pedestrian traffic lights) as an au- 
tomaton and 

m (optionally) be able to programme a virtual traffic light simulation on the 
screen or by means of a model with a visual programming language (e.g., 
Scratch/Arduino). 
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Description 
From the point of view of computer science, essential aspects of state-oriented 
modelling can be illustrated with this example. In contrast to the real world, an 
abstract model of an informatics system is created in the process of system mod- 
elling through context reduction (de-contextualisation), abstraction and formali- 
sation. 

The children can be engaged in the following activities (Some of which are 
optional) in a pedagogical learning scenario: 


m children explore how the traffic light system works at an intersection (possi- 
bly in combination with traffic education), 


m the system can be reconstructed with paper or wooden blocks, 


m application scenarios can be simulated (e.g., Playmobil characters or similar 
in role play), 


m the status of the traffic light can be observed, 


m interdependencies of the states of the traffic lights at the intersection can be 
observed, 


traffic lights can be regarded as finite automata with states and state transi- 
tions, 


m traffic light intersections can be considered as automata with transitions, 


m a pedestrian traffic light with input (pressed; not pressed) can be used as an 
introduction to state-based modelling, 


m connection between ‘language’ with input and output alphabet can be estab- 
lished, 


m other possible examples: railway barrier, construction site traffic lights, 
m social aspect: comparison of traffic regulation by policeman and traffic light, 


m optional extension for programming/simulation with Scratch on the screen or 
control of an intersection model with e.g., Arduino. 


The starting point can be the exploration of a real pedestrian crossing controlled 
by traffic lights with a push button. In the further course of this didactic module, a 
picture (video) of the pedestrian crossing can also be used. The following further 
course of the learning scenario would be conceivable: From the photo of the pe- 
destrian crossing, a drawing, a model made of cardboard with coloured tiles can 
be created. The scenario “crossing the road” can be acted out in a role-play or with 
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characters. The states of the traffic lights and the push button can be entered ina 
table. State transitions depending on the push button, as well as input and output 
symbols (pressed, not pressed, red, yellow, green) can be acted out and written 
down. A variable timer (clock) can be taken into account as a pulse generator for 
state transitions. In this way, the principle of a finite automaton can be clarified 
as an abstract concept of computer science, which is clearly different from the 
technical realisation of an automaton (e.g., beverage dispenser). 

Other simple examples would be, for example, a railway barrier, a construc- 
tion site traffic light, an automatic door or a simple beverage dispenser. 

Depending on the learning group, the example can be made more complex 
(intersection with traffic lights, intersection with pedestrian lights, intersection 
with contact threshold for cars). Optionally, automata can also be realised algo- 
rithmically, e.g., by creating a corresponding programme with Scratch and vis- 
ualising it on the screen or by controlling a traffic light model with LEDs using an 
Arduino. 

From the point of view of automata taking over human activities, traffic regula- 
tion by the police can be compared to that by a traffic light (or: beverage dispenser 
and salesperson). 

This last example will also show how the criteria for the selection of Content 
and Process Domains described in Section 3.4 can be used to justify the priori- 
tised selection of a Content Domain. Furthermore, the criteria can also provide 
important information on the subject didactic implementation of the example, 
taking into account the cognitive and motivational prerequisites of the learning 
group. 


Application of the criteria to the prioritisation recommendation P1/C3 


m Subject-specific and subject-didactic concepts: State-oriented modelling 
and the concept of finite automata are important concepts in computer sci- 
ence and are of great significance for modelling and understanding informat- 
ics systems. 


m Learning and developmental psychological aspects: Children should be able 
to understand the process of abstraction and formalisation from the real in- 
formatics system to the abstract model (with assistance). 


m Relevance to daily life: Traffic situations and traffic lights are important ele- 
ments of children’s everyday experience. 


m Motivation: The functioning of a traffic light and the concept of an automaton 
can be explored in a motivating and playful way. 
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m Subject-specific interest: Exploring and designing basic functional principles 
of an informatics system and its inner states in a playful way can arouse inter- 
est in computer science. 


m Self-efficacy: Modelling and, if necessary, (unplugged) programming of an 
informatics system familiar from everyday life, such as a traffic light system, 
can foster children’s confidence in their handling of and ability to design in- 
formatics systems. 


m General education: The children’s confident handling of the informatics sys- 
tem ‘traffic light unit’, the acquisition of a conceptual understanding (autom- 
aton, internal view and external view of informatics systems) and initial expe- 
riences with automation processes primarily concern the following general 
education aspects: A2, A4, A6, A7, A9, A12 (see Section 3.4). 


m Overarching basic competencies: Exploring the traffic light system, designing 
and explaining the model and testing application situations at the traffic light 
intersection in role plays can promote communication and teamwork skills. 


m Reference to didactic concepts: Connections to traffic education and social 
studies and science in primary education (control of the traffic light model) 
can be made. 


m Existing practical experience: Corresponding teaching models exist in basic 
computer science education; but with an older target group in mind. 


5.2 Summary Heat Map of Priority Setting in the Examples 


When the heat maps from the individual examples presented above are summa- 
rised, a recommendation emerges for prioritising competence fields that can be 
implemented in early information technology education in child-care centres and 
primary schools. However, this recommendation does not contain any sugges- 
tions for a sequence of the competence fields and thus for a sequencing of topics, 
since the fields addressed in the examples can be dealt with largely independent- 
ly of each other. Thus, there is no hierarchical dependency of competencies to 
be acquired in these fields. However, the examples presented vary in complex- 
ity and when selected, early childhood educators and primary school teachers 
should take into account the cognitive abilities and motivational preferences of 
their learning groups. 
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Figure 44. Heat map summarising the priority setting of competence fields 
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6 Prerequisites for Successful Early Computer 
Science Education 


6.1 General Conditions for Successful Implementation 


Since only few research results are available, in the following, we refer to compa- 
rable conditions for successful early mathematical education and apply them to 
the field of computer science education, as presented by Benz et al. (2017). 

Successful promotion of computer science education requires the fulfilment 
of various conditions, which, on the one hand, concern the competencies and 
attitudes of the early childhood educators and primary school teachers. On the 
other hand, they also include institutional and equipment-related framework con- 
ditions. The institutional framework conditions mainly concern the provision of 
time, space, organisational and equipment-related conditions. 

In summary, especially as a conclusion from the explanations in Chapter 4, it 
can be stated that early childhood educators and primary school teachers: 


a) should have professional competence, in particular to understand the teach- 
ing-learning material offered and to plan and design their own learning units 
on this basis, 


b) need pedagogical-didactic competence to recognise and use learning offers of 
computer science education and to select, adapt and, if necessary, further de- 
velop the offered materials in a learner group-oriented manner, 


c) have positive attitudes towards computer science but should also be open to 
new perspectives on existing ideas. 


6.1.1 Educators’ and Primary School Teachers’ Subjective Theories and 
Attitudes Towards Computer Science 

So far, there are only few findings on the influence of attitudes towards computer 

science and of subjective theories on the acquisition of computer science compe- 

tencies. However, based on the findings from other subjects, it can be assumed 

that these have a direct influence on how and with what enthusiasm teachers and 

educators teach a subject. 

Last but not least, the topic is also influenced by mental barriers and fears 
stemming from one’s own experiences in dealing with digital media. Knobelsdorf 
and Schulte (2007) identified attitudes that emerged among first-year students as 
“insiders” or “outsiders”, which led to “outsiders” limiting themselves primarily 
to the use of computer programmes and essentially accepting problems, while 
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“insiders” saw the computer and 


thus computer science as a tool 
that could be shaped. 

Since it can be assumed that 
many educators and teachers in 


9 


child-care centres and primary 


schools have incomplete and 


incorrect ideas about computer 


science and accordingly about 


computer science education, 


oooscoso® 


they should be open to a change 

of perspective and their own = 

learning experiences. Ideally, 

they should be only one ‘step away’ from changing from “outsiders” to “insiders”. 
Since creativity is increasingly becoming a goal of computer science educa- 

tion, the aim should be to design computer science lessons in line with the crea- 

tive potential (see Romeike, 2008). 


6.1.2 Subject-Didactic Competencies of Early Childhood Educators and 
Primary School Teachers 

Everyday life offers many opportunities for computer science education, not 
least because children’s lives are increasingly shaped by digital artefacts (cf. 
Section 2.1). Accordingly, Borowski, Diethelm and Wilken asked third and fourth 
graders what questions they would like to have answered on the topic of “com- 
puters, mobile phones, robots, etc.” (Borowski, Diethelm & Wilken, 2016). The 
resulting questions cover a wide range of computer-related topics: From the his- 
tory, future and function of informatics systems to security and legal aspects. 
Such intrinsically anchored questions offer potential for learning opportunities in 
computer science education. However, it is a challenge for educators and primary 
school teachers to recognise the potential behind the children’s questions and 
to identify suitable everyday situations for designing learning situations. There 
is also a danger that this view links learning opportunities in computer science 
exclusively to informatics systems and, furthermore, creates a distorted picture 
that fundamental ideas and concepts that have no direct relation to informatics 
systems are neglected. 

Analogous to the requirements formulated in the expert report on mathemat- 
ics, early childhood educators and primary school teachers have demanding tasks 
(Benz et al., 2017): 
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1. From the existing teaching-learning materials for computer science education, 
but also from other contexts (cf. Section 2.3), materials must be selected that 
have a high computer science potential and correspond to the current develop- 
mental level of the children. 

2. Learning situations must be created or addressed so that processes of comput- 
er science education can be implemented with the available material. 

3. Digital artefacts, but also unplugged materials for computer science education 
have an inherent challenging character that should arouse children’s curios- 
ity and interest in engaging with the subject matter. Educators and teachers 
should support this, e.g., by embedding these artefacts and unplugged mate- 
rials in a play situation. 

4. The children’s motivation should be addressed by the educators and teachers, 
showing their own interest in the subject matter and inspiring the children with 
their enthusiasm for the respective subject. 

5. By creating communicative situations, the children’s reasoned exchange about 
contexts, assumptions and conclusions should be practised, and reflection on 
what they have experienced should be strengthened. For this, it is necessary 
that the technical terms of computer science are used confidently but also in an 
age-appropriate form. 

6. Based on experiences with computer science education processes of older 
children and adolescents, it can be assumed that gender-specific differences 
in interest and handling of technology and computer science develop with in- 
creasing age, which do not yet exist or are less pronounced in child-care centres 
and primary schools. In this respect, it is the task of the educators and teach- 
ers not to reinforce possible prejudices, to reflect on their own attitudes and 
stereotypes and to motivate and consider boys and girls equally in the teach- 
ing-learning situations. 


6.1.3 Cooperation Between the Educational Institution, Family and 
Decision-Makers 

Cooperation between educational institutions and families is also essential in the 
field of computer science competencies. The aim should be to agree on common 
values and goals for computer science education, even if this is more likely to be 
the result than the prerequisite of the educational process. It can be assumed that 
many parents have unclear ideas about what the goals and potentials of computer 
science education in child-care centres and primary schools actually are. Some 
legal guardians may also have no knowledge about computer science or have a 
different perception of computer science that manifests itself in other ways; all 
in all, there will probably be very different notions of computer science. Thus, it 
would be detrimental if situations for computer science education are demotivat- 
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ed in advance from home, e.g., that “the child should not play computer games” 
or that false expectations are raised (“at child-care centres, children are taught 
how to use computers”). 

This also goes hand in hand with the fact that children have very different 
ways of dealing with digital media at home, ranging from rejection to extensive 
use (cf. Section 2.1). It would therefore be desirable for the cooperation between 
the educational institution and the parental home to also include information and 
cooperation about how digital media can be used not only receptively but also cre- 
atively and how computer science education can contribute to this. For early child- 
hood educators and primary school teachers, this results in an important field 
of action to make computer science education in child-care centres and primary 
schools transparent for parents and to involve them productively in the computer 
science learning processes in the educational institutions. A transparent design 
of concepts of computer science education by early childhood educators and pri- 
mary school teachers is also important in order to convince the decision-makers 
involved in the educational institutions of these concepts and to win them over for 
a design of the organisational framework conditions conducive to learning. 


6.1.4 Organisational Conditions in the Educational Institution 

There are different ways of organising learning opportunities for computer science 
education: Some previous experience has been gained with group work, partner 
work, in a formal organisational setting or as a working group, as a performance or 
participatory show (cf. unplugged shows) or also in the context of an exhibition. In 
the child-care sector, learning processes for computer science education should 
be designed according to the child-friendly, playful work formats that have been 
tried and tested there. 

For primary schools, it is recommended to organise computer-science-related 
teaching projects. In order to sustainably promote computer science teaching, ef- 
forts should be made to create a learning area, a Separate subject or to integrate 
computer science into social studies and science in primary education and to give 
subject teachers the opportunity to qualify. It should be taken into account that 
the approach of integrating content of computer science into other subjects has 
failed for various reasons, at least in the domain of junior secondary education 
(see e.g., Breier, 2004b). 


6.1.5 Equipment-Related Requirements 

Computer science education can in principle also take place without informatics 
systems: For example, aspects of the goal domains ‘algorithms’, ‘languages and 
automata’ or ‘information and data’ can be taught unplugged. Also, many infor- 
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matics systems can be found in everyday life today, so that they can be observed 
and analysed together. Nevertheless, the use of informatics systems offers op- 
portunities for motivation and learning experiences that would hardly be possi- 
ble without them. For example, running an algorithm on an informatics system 
can illustrate the need for uniqueness and executability of algorithms in a com- 
prehensible and credible way. Creating their own game, which they can proudly 
show to their friends or parents, gives children an idea of the creative possibilities 
in dealing with computer science. Section 2.3 outlined various possibilities that 
show specific ways of implementing computer science education with informatics 
systems. Of course, this also presupposes that the educational institutions have 
the appropriate equipment, but this need not be seen as an indispensable prereq- 
uisite for successful informatics education, especially in child-care centres. 


6.2 Measuring Instruments to Determine the Prerequisites 
for Success 


For the field of computer science education in elementary and primary education, 
there are no empirically-based models of competence available so far. This results 
in a lack of reliable instruments for measuring the competencies acquired by chil- 
dren in the elementary and primary sector of computer science education and, 
associated with this, an empirically sound evaluation of concepts of computer sci- 
ence education in child-care centres and primary schools, which is an essential 
element for their successful implementation in the pedagogical practice of child- 
care centres and primary schools. 

Not least because the scientific monitoring of the foundation’s work should 
be multi-layered and further research on early computer science competencies 
should be promoted. Based on the competence models partially developed for 
computer science in senior secondary education and teacher training (cf. Chap- 
ter 4), various fields of activity can be identified for the evaluation of learning pro- 
cesses and conditions for the success of computer science education in child-care 
centres and primary schools, for which suitable domain-specific measurement 
instruments would then have to be developed. 


6.2.1 Conceptional Evaluation 

The proposed measures and examples should be subjected to critical analysis by 
further experts in computer science didactics as well as by experts in early child- 
hood and primary school education. 
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6.2.2 Material Evaluation (Analogous to Mathematics Didactics) 
The materials developed by the “Haus der kleinen Forscher” Foundation for early 
computer science education should be subjected to a critical analysis by a group 
of people from computer science didactics, relevant neighbouring disciplines and 
representatives from the field. Regular specialist forums on computer science with 
appropriate experts from didactics and those with practical experience, who are 
familiar with the work ofthe Foundation, could be helpful. In addition, the quality 
of the material should be continuously improved through the interplay of theoreti- 
cal consolidation, development work and empirical, mostly qualitative research in 
the paradigm of design research. 

Furthermore, research projects on the impact and application of the materials 
should be established with the following target groups: 


m children 
m early childhood educators and primary school teachers 


m multipliers 


6.2.3 Evaluation of Measures 
Individual concepts of computer science education in child-care centres and pri- 
mary schools should be evaluated, with the following target groups in mind: 


m children 
m early childhood educators and primary school teachers 
m multipliers 


parents 


6.2.4 Research on Effectiveness 

Research on effectiveness is linked to the evaluation of the measures and deals 
with the following subjects of investigation, with special attention to the following 
target groups: 


m Children 
= A: Non-cognitive competencies (motivation, interest, self-efficacy, attitu- 
des) > Here, for example, there are already studies on gender differen- 
ces (cf. Chapter 2). 
= B: Specific subject-related competencies related to a teaching module 
(module-related analysis of learning outcomes). 
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C: General computer science competencies > e.g., recognising compu- 
ter science phenomena, recognising informatics systems and how they 
work etc. 

D: Evaluating learning processes (e.g., in terms of overcoming learning 
barriers/transition of learning concepts, e.g. from unplugged to plug- 
ged). 


m Early childhood educators and primary school teachers: 


A: Attitudes/curricular beliefs 

The importance of teachers’ attitudes, stances and understanding of their 
professional role for their pedagogical practice has long been demonstrat- 
ed in various empirical studies (cf. Chapter 4; e.g., Eulenberger, 2015). 
In her study on the professional identity of ‘CS teachers’, Ni (2011) has 
specified the influence of ‘beliefs’ on the teaching practice of computer 
science teachers. Among other things, she identified the two general in- 
fluencing factors, ‘perception of CS’ and ‘perception of teaching’. In ad- 
dition, the attitude or general acceptance of technology in the classroom 
plays a role (as applies to children, see above); e.g., Gilet al., 2007). Here, 
too, existing instruments can be adapted (e.g., TAM 2.0 (Bagozzi, 2007) or 
INCOBI-R (Richter & Naumann, 2010; Richter, Naumann & Groeben, 
2001). 


Possible survey criteria in this area are: 
» Attitudes towards informatics systems 
» Use of informatics systems in everyday life and at school 
» Attitudes towards computer science in primary schools 
» Curricular beliefs/curricular emphasis 


B: Subject-didactic competencies 

In order to evaluate the subject-didactic competencies or the acquisition 
of competencies by early childhood educators and primary school teach- 
ers, competence measurements should also be conducted in this target 
group. The test instruments items could be adapted for the target group 
from theoretically and empirically-based competence models for the 
education of computer science teachers and derived from measurement 
instruments already available there (cf. e.g., KUI, CoRe in Chapter 4: 
Bender et al., 2015, 2016; Buchholz et al., 2013; Linck et al., 2013; 
Magenheim et al., 2010; Neugebauer et al., 2015; Williams & Lockley, 
2012) and refer to subject-specific, subject-didactic, motivational and 
volitional aspects of competence (Weinert, 2001). This also includes 
the assessment of practice-related action competence in computer sci- 
ence-related learning situations through observations. 
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Parents: 


As already described in Section 6.1.3, the parents and the family environ- 


ment of the children presumably have a significant influence on children’s 


attitudes towards informatics systems. Therefore, it makes sense to survey 


indicators of the children’s computer science-related family environment and 


the parents’ attitudes towards the field and informatics systems as relevant 


factors of the conditions for the success of its education in child-care centres 


and primary schools. Specifically, this includes the following aspects: 


Possible uses: 
Information and communication systems in the home environment (ex- 
istence, forms and frequency of use) 
Attitudes towards: 

-= informatics systems 

= the use of informatics systems in everyday life and at school 

= computer science in primary schools 
As with the survey of teachers’ attitudes, similar, partially adapted in- 
struments should be used to investigate whether parents’ attitudes and 
use of IT systems in the home have an influence on the acquisition of 
computer science competencies and children’s attitudes towards com- 
puter science and informatics systems. 
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7 Conclusion 


With this report, the team of authors has broken new ground both from the per- 
spective of subject didactic research and from the perspective of the pedagogi- 
cal practice of computer science education in the child-care and primary school 
sector. There are several reasons for this, including the fact that there is still lit- 
tle subject didactic research on computer science education compared to other 
established subjects, as well as the comparatively weak anchoring of computer 
science education as a subject in secondary and primary education, especially 
in German schools. Against this background, the team of authors has attempt- 
ed to work out important goals and conditions for successful computer science 
education in child-care centres and in the primary school sector. To this end, the 
concept of computer science education, its relationship to the technical discipline 
of computer science and the similarities and differences to digital (media) literacy 
were first characterised. In addition, existing, especially international approach- 
es to computer science education in child-care centres and primary schools, as 
well as suitable learning environments and software tools were analysed for their 
usability in early computer science education. Relevant curricula were evaluated 
with regard to their references to standards of computer science education for the 
purpose of comparability, and in this way a category system that was at least par- 
tially empirically based, was developed to describe fields of competence in com- 
puter science education. From this analysis of existing international curricula for 
early computer science education and the basis of relevant concepts of different 
didactic approaches in computer science, a new Process Domain, ‘Interacting and 
Exploring’ with and of informatics systems was introduced in comparison to the 
GI educational standards. Its significance for the playful, explorative handling of 
informatics systems in child-care 
centres and primary schools was 
discussed in detail. In this con- 
text, reference was also made to 
relevant studies on the necessary 
cognitive prerequisites and de- 
velopment of children, which are 
considered relevant for the ac- 
quisition of basic competencies 
of computer science education. 
Attitudes, motivation and beliefs 
of early childhood educators and 
primary school teachers towards 
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computer science and computer science education were described as important 
prerequisites for the acquisition of their subject-didactic competencies in the field 
of early computer science education. Allin all, well-trained early childhood educa- 
tors and primary school teachers were characterised as an essential factor for the 
successful implementation of concepts of computer science education in child- 
care centres and primary schools. Finally, important criteria for the construction 
of empirical measurement instruments for the evaluation of conditions for success 
and of pedagogical practice of early computer science educations were derived as 
a conclusion of these explanations. The authors themselves consider the practical 
testing of the examples and the concepts presented, as well as an accompanying 
formative evaluation, to be an essential factor for the successful implementation 
of early computer science education in the practice of child-care centres and pri- 
mary schools. 

With this report, the team of authors hopes to support the important activities 
of the foundation “Haus der kleinen Forscher” in the field of early computer sci- 
ence education and thus to make a modest contribution to the implementation of 
computer science education in child-care centres and primary schools. 
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1 Introduction 


Informatics systems are playing an increasingly important role in our digital world. 
These are no longer exclusively large informatics systems operated by experts but 
countless small and larger everyday devices such as smartphones, washing ma- 
chines or cars. In some cases, these systems are clearly recognisable as informat- 
ics systems (as in the case of a laptop or smartphone), while in other instances 
(like, for example, with coffee machines), it is not always immediately obvious 
that an informatics system is hidden inside. Even some (toy) devices for toddlers 
(e.g., baby monitors and talking dolls) contain a complete informatics system. 
These examples show that children come into contact with informatics systems 
long before they ever sit in front of a computer. Probably the most widespread and 
already very complex informatics system is the smartphone. Here it is noticeable 
that children already handle the devices completely intuitively at toddler age, al- 
though they were primarily developed for adults. That is where the generation 
derived its name from: digital natives. 

However, if the intuitive operation is not purposeful, it quickly becomes clear 
why sound computer education is crucial for this generation in particular. Chil- 
dren often copy processes that they have observed with their parents; but they do 
not recognise the underlying logic. They do not understand, for example, whether 
files are stored locally on a device or distributed on the Internet, what is public 
and private, how the networking of devices works and how this affects our lives. 

Therefore, children should learn what it means to work with informatics sys- 
tems already in kindergarten and primary school. They should not only use digi- 
tal devices but also understand that these devices do what they are “told” to do. 
Therefore, it is important to teach them not only the “how” but also the “why”. 
For the “why”, a basic understanding of informatics systems and how they work 
is essential. The main goal for children in kindergarten and primary school age 
is to gain first experiences in the field of computer science in order to develop a 
basic understanding of computer (systems) in the long run. Only in this way can 
children become responsible co-creators (and not just passive users) of our digital 
environment. 


2 Overview of Possible Informatics Systems 
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Today, there are numerous informatics systems for use in elementary and primary 
education. These systems can be categorised in different ways. On the one hand, 
there are systems that can be used autonomously, such as Cubetto, Beebot or 
Kibo (more information on these systems follows in the next chapter). Other sys- 
tems can additionally be used in conjunction with an app, such as the Ozobot, or 
a computer, such as Lego WeDo. Systems such as language Scratch or Scratch 
Junior do not require any additional hardware other than a tablet or computer. 

But which system is suitable for which age? Which previous knowledge is re- 
quired of the children - and also from their learning supporters? And which com- 
puter science goals can best be pursued with which system? 

This expert recommendation addresses these questions and attempts to 
show the current state of existing informatics systems for children“. The assess- 
ments of user-friendliness, previous experience, etc. are based on our experience 
as well as on manufacturer information. 

The informatics systems described below are ordered by level of difficulty or 
complexity. 

Systems with low complexity: These systems can usually be used inde- 
pendently and often require low IT competence of the learning supporter. 


Cubetto 
Beebot 


Kibo 


Ozobot without visual language 


Systems with medium complexity: These systems are often used in conjunction 
with an app (for smartphone or tablet) or also with a computer. Since a program- 
ming language is used, the learning supporters require computer science skills in 
programming, depending on the system. 


Scratch)r 
Dash & Dot 


WeDo 


Makey Makey 


49 This article is a translation ofthe German version, dated 2018. 
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m Ozobot with visual language (the special feature here is that this system can 
cover the entire range of complexity) 


Systems with higher complexity: these systems require a higher level of expertise 
from the learning supporter: 

m Scratch 

m Lego Mindstorms 


@ Arduino-Micro-controller with ArduBlock 
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Individual Informatics Systems 


3.1 Cubetto Robot from Primo Toys 


Overview 


The Cubetto robot by the company Primo Toys was developed in 2013 with the 
aim of introducing children aged 3 years and older to the world of programming 
in a playful way. Cubetto is a cube-shaped wooden robot with a smiley face and 
two wheels to move around. In fact, moving is all Cubetto can do. The special 
feature of this system is that it comes with its own programming board, which is 
also made of wood. Children can insert the four differently coloured and shaped 
wooden puzzle pieces (corresponding to the individual programming commands/ 
movement instructions) into this board. An arrow on the board indicates the order 
for these actions. Once the children have completed their programme, consisting 
of up to 12 commands (puzzle pieces), this is transferred to the robot by pressing 
the single button. The robot processes the entered commands one after the other. 
At the same time, small lights on the programming field indicate which command 
is currently being processed. 

The robot and programming board come with a playmat on which places are 
marked in the form of simple graphics (e.g., a castle tower or sailing ship) so that 
children can create tasks for the robot in the style of “Go from the castle to the 
lake”. However, learners can also develop and solve tasks in a room, such as e.g., 
“drive around the chair”. 

The learners can extend this by programming a so-called method. This is an 
IT construct to streamline pro- 
gramme codes by not program- 
ming repetitive elements more 
than once. For this purpose, up to 
four commands are outsourced to 
a separate area (outline). In addi- 
tion to the “forward”, “left” and 
“right” blocks, there is another 
block that invokes the method 
and thus triggers the execution 
of the up to four commands. This 
additional building block can 
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now be inserted at several points in the main programme, where the same method 
is then executed again and again. Allin all, the limited range of commands and the 
maximum programme length result in a quite manageable application area, which 
distinguishes Cubetto as a beginner’s tool. 


Target Group 


According to our experience so far and the application scenarios presented on the 
distributor’s website, Cubetto is particularly suitable for children from pre-prima- 
ry age (especially with Montessori pedagogy), as it corresponds to a wooden toy 
and children can explore it without instructions. Most children are already familiar 
with the goal of putting wooden blocks into the matching holes from pre-primary 
age. Learners are also familiar with pressing a button. The only requirement for 
the learning supporter is to trigger a thought process in the children about the 
connection between the programme and the execution of the robot, as the trans- 
mission is wireless and therefore not immediately obvious to the children. 


User-friendliness 

This robot system is extremely user-friendly and can be applied regardless of the 
child’s or learning supporter’s previous knowledge. All the learning supporter 
needs to do is insert batteries into the robot and the programming board in ad- 
vance and switch both on using a small slide switch. The connection is estab- 
lished automatically, so that programming can start immediately. No other IT sys- 
tem (computer, laptop, tablet) is required. 


Previous experience and knowledge required of the learning supporter 


As described above, this system can be used without any previous computer sci- 
ence or technical knowledge. Only the idea of the linear sequence of commands in 
the main programme and the method construct need to be understood in advance. 
Apart from this, Cubetto only requires creative tasks, which, however, the children 
develop themselves with great enthusiasm after an initial exploration. 


Previous experience and knowledge required of the child 

Again, no previous knowledge is absolutely necessary. The idea of putting wood- 
en puzzle pieces into matching holes should be understood. The topics of robots, 
programmes, commands etc. can be covered with this learning tool. 


Learning objectives 

The overarching learning goal is to create a basic understanding of automatically 
running programmes. The children learn that programming means that a human 
enters a sequence of commands into an informatics system, in this case the robot, 
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which then executes the programme at the push of a button. In detail, the chil- 
dren thus learn about algorithms and how to develop them themselves. Moreover, 
since Cubetto is ideally suited for being programmed by several children together, 
they also learn indirectly about goal-oriented communication via programmes and 
the challenges of teamwork. 


Reference to the goal dimensions of IT literacy 


The Cubetto robot set primarily addresses the “C2 Algorithms & Programming” 
Content Domain. Its target group-oriented design enables children of pre-primary 
age to develop algorithms themselves. Depending on the design of the discus- 
sions in the learning groups or further learning phases, features under “C4 Infor- 
matics Systems” and “C5 Computer Science and Society” can also be addressed. 

In the Process Domains, the focus is on “PO Interact and Explore”, in that 
the programmable robot can be explored very freely by children. In addition, the 
learners can already implement their own programmes (an aspect under “P1 Mod- 
elling & Implementing”). When playing in teams, Process Domain “P4 Communi- 
cating & Cooperating” is also applied. 


3.2 Beebot from Terrapin 


Overview 


Beebot*? is a programmable floor robot in the shape of a bee, for children in pre- 
school and primary-school age. Its simple and child-friendly design makes Bee- 
bots a good first introduction to programming. You can programme the Beebot’s 
moving sequence. For this purpose, there are seven buttons on the “bee”. Bee- 
bots can move forward or backward (by exactly 15 cm each), and perform a 90-de- 
gree turn to the left or right. By pressing the direction buttons, up to 40 consecu- 
tive commands can be programmed as a Sequence. The “Go” button in the middle 
starts and executes the entered sequence. In addition, there is a button to delete 
the previous sequence. If a sequence is not deleted, the following commands are 
added to the previous sequence. This enables children to work their way forward 
step by step. The Beebot’s sounds or light signals help the children to understand 
their entries. For example, it flashes and makes a sound when a command of the 
entered programme has been executed. 

The Beebot is powered by a rechargeable battery that can be charged via a 
USB interface. 

There is a wide range of instruction materials for the Beebot, available from 
the manufacturer as well as from various research and educational institutions. 
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Many of these materials empha- 
sise interdisciplinary learning 
and problem solving. 

In addition to the Beebot, 
there are now other variants 
such as the Blue-Bot or the Pro- 
Bot. The Blue-Bot can additional- 
ly be controlled via a tablet. The 
Pro-Bot has a brand-new racing 
car design and offers innovative 
functions and thus more possi- 
bilities than the Beebot. 


Target Group 


The Beebot is suitable for children in pre-school and primary school, aged 4 to 9 
years. For older children, the Beebot quickly appears too childish due to its bee 
design. 


User-friendliness 


The Beebot is a user-friendly system. The meaning of the control buttons quickly 
becomes clear, even without instructions, at least for older children; younger chil- 
dren may need a brief explanation. 


Previous experience and knowledge required of the learning supporter 


The only prior knowledge the learning supporter needs to have, is how the Beebot 
works and an idea of the linear sequence of commands. Once these aspects are 
understood, only suitable (creative) tasks are needed that are to be solved with 
the help of the Beebot. These can be simple path finding but also putting words 
together on letter mats. After the exploration phase, however, the children will 
certainly find their own first challenges. In addition, a wide range of application 
materials for the Beebot is already available, for example, on the manufacturer’s 
homepage (https://www.bee-bot.us/bee-bot/beebot-curriculum.html). 


Previous experience and knowledge required of the child 


The children do not need any previous knowledge. It may be necessary to explain 
how the control buttons work. However, this depends on the age and previous ex- 
perience of the child. For programming the Beebot (depending on the complexity 
of the route to be programmed), the children need a certain level of working mem- 
ory. The route must be planned in advance, as the inputs in the Beebot are not 
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visible and therefore cannot be followed directly. However, to support this, there 
are maps with which routes can be pre-planned and then entered. 


Learning objectives 


The overarching learning goal is to create a basic understanding of automatical- 
ly running programmes. As with Cubetto, the children learn that humans control 
an informatics system by entering commands (programming) and that the system 
then executes the programme. This way, the children learn how to use a simple 
informatics system and also how to solve problems with the help of algorithms. 
Since the Beebot is ideally suited for being operated by several children together, 
they also learn indirectly about goal-oriented communication via programmes and 
the challenges of teamwork. 


Reference to the goal dimensions of IT literacy 


The Beebot also primarily addresses Content Domain “C2 Algorithms & Program- 
ming”. Due to the target group-oriented design, even children of pre-primary age 
can use the Beebot to develop algorithms in the context of problem solving and 
enter them into the Beebot (Process Domain “P1 Modelling & Implementing”). De- 
pending on the design of the discussions in the learning groups or further learn- 
ing phases, features under “C4 Informatics Systems” and “C5 Computer Science 
and Society” can also be addressed. 

In the other Process Domains, the focus here is on “PO Interacting & Explor- 
ing”, in that the Beebot can be explored very freely by children and they can apply 
or develop their interaction skills when dealing with the system. When playing in 
teams, Process Domain “P4 Communicating & Cooperating” is also applied. 


3.3 KIBO from KinderLab Robotics 


Overview 


The KIBO* is an educational robot kit designed to introduce children to the con- 
cept of programming in an interactive way. The KIBO robot is programmed using 
wooden blocks that are labelled and can be plugged into each other. 

KIBO offers children numerous creative possibilities. The existing building 
elements offer many different design options, e.g., as a carousel, a robot with 
an ear, an eye, lamps or free design with additional handicraft material, in line 
with the children’s imagination. This enables a wide range of possible uses, from 
specific tasks set by the learning supporter to free creative work with the KIBO. 
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The KIBO is equipped with sen- 
sors, lights, motors. For exam- 
ple, it can react to clapping, its 
lights can shine differently and it 
can move in different directions. 

As already mentioned, the 
KIBO is controlled with wooden 
blocks. On these blocks are in- 
structions for the KIBO, which 
are sequentially lined up with 
a plug-in connection. They are 
then read with an infra-red scan- 
ner, which is located on the KIBO 
itself. Finally, the programme is 
started at the push of the button and executed by the KIBO. The instructions refer, 
for example, to the KIBO’s direction of travel, the colour of the lamp, reactions to 
claps, etc. 

Even though the blocks are lined up sequentially, there are already existing 
constructs such as a repetition and conditional instructions. 

The instructions on the wooden blocks are presented both graphically and in 
writing, so that even children without reading skills can make their first program- 
ming experiences with KIBO. 


Target Group 


According to the manufacturer, KIBO is intended for children aged 4-7. From our 
experience, we would recommend using it at pre-school or primary school age. 


User-friendliness 


KIBO is very user-friendly and can be applied regardless of previous knowledge 
of the children or the early childhood educators and primary school teachers. The 
learning supporter only has to insert the batteries into KIBO in advance. The in- 
dividual elements of KIBO can be plugged into KIBO quite intuitively. For smaller 
children, this step could also be carried out by the learning supporter beforehand. 
The only thing required for programming is plugging the wooden blocks together. 
They are then read with the infra-red scanner, which is located on the KIBO itself. 
Children quickly recognise how to handle KIBO correctly. In case of errors, it imme- 
diately gives feedback. After successful scanning, it starts at the push of a button. 
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Previous experience and knowledge required of the learning supporter 


Basic prior IT knowledge is required to use the KIBO. Knowledge of linear se- 
quence of commands, as well as functions from simple loops to conditions should 
be available to support the children if necessary. 


Previous experience and knowledge required of the child 


Children do not necessarily need any previous knowledge. They should under- 
stand the idea of putting wooden blocks together appropriately. The topics of ro- 
bots, programmes, commands etc. can be covered with this learning tool. 


Learning objectives 


The overarching learning goal with KIBO is also to create a basic understanding 
of automatically executable programmes. Children learn the first basic concepts 
of programming and, above all, that programming means entering a sequence 
of commands into an informatics system, which the system then executes. In 
addition to the sequential order of commands, children learn about conditions 
and loops in a playful way. Moreover, since KIBO is ideally suited for being pro- 
grammed by several children together, they also learn indirectly about goal-ori- 
ented communication via programmes and the challenges of teamwork. 


Reference to the goal dimensions of IT literacy 


KIBO primarily addresses the “C2 Algorithms & Programming” Content Domain 
as well as the “P1 Modelling & Implementing” Process Domain. Due to the target 
group-oriented design, KIBO can be used to develop initial algorithms and im- 
plement them with the help of the wooden blocks. Depending on the design of 
the discussions in the learning groups or further learning phases, features under 
“C4 Informatics Systems” and “C5 Computer Science and Society” can also be 
addressed. 

In the Process Domains, another focus is on “PO Interacting & Exploring”, in 
that children can explore the programmable robot and its elements very freely. 
When playing in teams, Process Domain “P4 Communicating & Cooperating” is 
also applied. 
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3-4 Ozobot/Ozobit from Evollve Inc. 


Overview 


The Ozobot°, introduced in 2014, is an approximately 2.5 cm tall robot. An Ozo- 
bot can both follow lines and - in the new generation, the Ozobot Ozobit*? - move 
freely around the room. In addition, it can be programmed in two different ways, 
making it suitable for use at different age levels. The Ozobot is powered by a re- 
chargeable battery that can be charged via a USB interface. There is a five-colour 
sensor on the underside of the robot that enables it to detect different colours on 
the floor. Based on lines and colours on the ground, the Ozobot can move in differ- 
ent directions at different speeds and even glow in different colours. 


The small robot can be programmed in two different ways: 


Programming with colour codes 

It can be programmed with colour codes without any additional IT system. Be- 
sides the Ozobot, only pencils and paper are needed. The line sequence and col- 
our codes are simply drawn on paper. With the help of these codes, the Ozobot 
can change its colour, speed or direction. So-called “SpecialMoves” also allow the 
Ozobot to turn or zigzag. In this way, entire courses can be built for the Ozobot. 
There are no limits to creativity. Users can also compile lines and colour codes on 
a tablet and let the Ozobot drive on them. 


Programming with the visual programming language OzoBlockly 

The new generation of Ozobots, called Ozobit, can be programmed with the visual 
programming language OzoBlockly™. It is similar to other visual programming 
languages such as Scratch (see below) but was developed specifically for the Ozo- 
bot. It can be used via an Internet browser on the computer, via a tablet or even a 
smartphone. The created programme can be transferred to the Ozobot by simply 
holding it up to the screen or placing it on the tablet. 

The structuring into different levels is very useful. At the beginning, only pro- 
gramming blocks with symbols are available, so that even children without read- 
ing skills can programme the Ozobot. In the further levels, more and more com- 
plex programming blocks are added. Both the Ozobot’s behaviour on lines and 
colours and its completely free movement across the room can be programmed. 
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53 Since the Ozobit offers more possibilities than the first generation Ozobot, we will hereinafter always 
refer to this new generation Ozobit. 
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The motors of the Ozobot are very 
precise, so that tasks with meas- 
urements or synchronous appli- 
cations etc. are also possible. 
Furthermore, the Ozobot it- 
self offers creative design possi- 
bilities via design options of the 


protective covers with paper or 
Ozobot-specific accessories. 

Allin all, Ozobot is an inspir- 
ing little robot with many creative 
possibilities and different levels 
of difficulty for young and old. 


Target Group 


Ozobot is suitable for use in primary school and beyond. The grade in which it is 
introduced depends on the design of the programme. According to the manufac- 
turer, Ozobot is suitable for children from the age of 8. Because of the different 
possibilities for programming and thus the different levels of difficulty, there are 
no upper limits for the use of the Ozobot. 

The suitability of the Ozobot for younger children would have to be tested. 
The meaning of many colour codes can easily be represented by symbols instead 
of writing, so that the Ozobot can also be used by children with no or very poor 
reading skills. 


User-friendliness 


As such, the Ozobot is very user-friendly. However, when using it, care must be 
taken that it is calibrated regularly. If it is used with non-original pencils, it must 
be ensured that the colour tones are very close to the original, otherwise the col- 
ours will not be recognised 100% correctly. 

There is a good, detailed manual and many examples for the Ozobot. Further- 
more, the corresponding JavaScript code can be displayed. 

The disadvantage of OzoBlockly, including the manual, is that it is currently 
only available in English. 


Previous experience and knowledge required of the learning supporter 


When it comes to the necessary previous experience or knowledge of the learning 

supporter, a distinction must be made between how the Ozobot is to be used. 
When using the Ozobot with paper and pens, no previous knowledge of the 

learning supporters is required. They must charge the Ozobot in advance via the 
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USB and should, of course, have already tried out the Ozobot themselves. The 
manufacturer of the Ozobot already provides material on the meaning of the col- 
our codes. In addition, there are some worksheets and many creative ideas for 
using the Ozobot on the Internet. 

Depending on the level of difficulty, previous knowledge of basic program- 
ming structures should be available for the use of the visual programming lan- 
guage in order to be able to support the children appropriately in case of difficul- 
ties or questions. 


Previous experience and knowledge required of the child 


Children do not need any prior knowledge to control the Ozobot via colour codes. 
If the Ozobot is to be programmed with OzoBlockly, children should be con- 
fident in using the computer or tablet. However, previous experience of program- 
ming is not necessary. 
The topics of robots, programmes, commands etc. can be covered with this 
learning tool. 


Learning objectives 


The learning objectives for using the Ozobot can be differentiated depending on 
the application. The overarching learning goal is to create a basic understanding 
of how automated, executable programmes work. The children learn that program- 
ming means that a human enters a sequence of specific commands into an infor- 
matics system, in this case the robot. These commands can be coded in different 
ways, e.g., with colours or through a visual programming language. In detail, the 
children thus learn about different ways of programming a system. In addition, 
they learn about algorithms and how they can develop them themselves. When 
using OzoBlockly, they also get to know the basic structures of programming lan- 
guages. Since the Ozobot is ideally suited to being programmed by several chil- 
dren together, they also learn indirectly about goal-oriented communication via 
programmes and the challenges of teamwork. 


Reference to the goal dimensions of IT literacy 


Ozobot primarily addresses the “C2 Algorithms & Programming” Content Domain 
as well as the “P1 Modelling & Implementing” Process Domain. Due to its target 
group-oriented design, it can be used to develop algorithms independently and 
to implement them in different ways. Depending on the design of the discussions 
in the learning groups or further learning phases, features under “C4 Informatics 
Systems” and “C5 Computer Science and Society” can also be addressed. 
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In the Process Domains, another focus is on “PO Interacting & Exploring”, in that 
children can explore the programmable robot very freely. When playing in teams, 
Process Domain “P4 Communicating & Cooperating” is also applied. 


3.5 LEGO WeDo 2.0 


Overview 


LEGO WeDo 2.055 is an activity-based learning concept from LEGO that builds 
on the predecessor concept WeDo (see image). WeDo was developed especially 
for social studies and science in primary education (‘Sachunterricht’) and offers 
teaching materials in the form of projects that are already worked out and adapted 
to the curriculum. The kit for building these models contains various Lego bricks, 
wheels, sensors, e.g., for tilt and movement, a motor and a central control mod- 
ule, the so-called Smarthub. A connection between the Smarthub and the soft- 
ware ona PC, Mac, Android tablet or iPad can be established via Bluetooth. Among 
other things, this software offers a programming interface. With this, the created 
models can be programmed. WeDo and Wedo 2.0 have a connection via the visual 
programming language Scratch*®. In addition, the software provides the material 
that guides through all the projects offered by LEGO: digital step-by-step building 
instructions, films, a digital learning diary and the aforementioned programming 
environment. Currently, however, the app seems to be more advanced than the 
software for the computer. 

The WeDo concept introduces children to working and researching on the 
computer. Along the way, they learn and realise how many informatics systems 
and programmable devices there are in their own world. They learn on a small 
scale how devices are programmed and that various tasks can be solved with 
these devices and through programming. 


Target Group 


According to the manufacturer and our own experience, LEGO WeDo 2.0 is suitable 
for primary school children from grade 2. 


User-friendliness 


Even though LEGO WeDo 2.0 is very complex compared to many other systems 
presented here, it is very user-friendly due to numerous materials and the sup- 
porting software. 
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Previous experience and knowledge required of the learning supporter 


Learning supporters should have familiarised themselves with the LEGO WeDo 
construction kit and the model they are going to use in order to be able to support 
the children in case of questions or problems. Specific computer science back- 
ground is not necessary when using Lego software. However, they should have 
familiarised themselves with the programming language for LEGO WeDo 2.0. If 
the language Scratch is to be used instead of LEGO’s own programming language, 
learning supporters should have the necessary previous knowledge. 


Previous experience and knowledge required of the child 


Children do not require specific previous experience or knowledge. Many children 
already know LEGO from their own playroom. Building instructions for the sug- 
gested models are provided by the software. 


Learning objectives 


The IT-specific learning objectives in the context of WeDo relate, among other 
things, to the construction of an exemplary IT system. Children learn how sen- 
sors and actuators can interact in conjunction with motors. In connection with 
the programming, they also acquire a basic understanding of programming and 
fundamental programming concepts. 

Using various examples, children gradually learn about different programma- 
ble systems and can thus relate to systems in their own life world. 

Since children can work together, they also indirectly learn about goal-orient- 
ed communication via programmes and the challenges of teamwork. 

Last but not least, children learn how to use an IT system. 


Reference to the goal 
dimensions of IT literacy 


LEGO WeDo 2.0 primarily ad- 
dresses the Content Domains 
“C4 Informatics Systems” and 
“C2 Algorithms & Programming”. 
The target group-oriented design 
enables primary-school children 
to design their own IT system 
and develop algorithms for this 
system in the context of prob- 
lem solving (Process Domain “P1 


Modelling & Implementing”). 
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Depending on the design of the discussions in the learning groups and different 
learning phases, aspects under “C5 Computer Science and Society” can also be 
addressed. 

In the other Process Domains, the focus here is on “PO Interacting & Explor- 
ing”, by allowing the children to create and explore their own IT system. In this 
context, the children can apply or develop interaction skills when dealing with this 
system. When playing in teams, Process Domain “P4 Communicating & Cooperat- 
ing” is also applied. 


3.6 Dash & Dot from Wonder Workshop 


Overview 


Dash & Dot’ are a two-piece turquoise robot duo that look like a classic toy at first 
glance. Visually, they have a very child-friendly, robust design (also suitable for 
use in early child-care centres). The two robots can be controlled and programmed 
via various apps. Dash, the larger robot, can move, move its head, talk, light up 
and respond to sounds and obstacles. Its little brother Dot is immobile and mainly 
serves as a communication partner for Dash. In addition, numerous add-on sets 
are available (e.g., an adapter for other Lego extensions or mobile phone holder), 
leaving hardly any limits to the creative possibilities of use. With the various apps, 
children of pre-school and primary school age can explore the robot independent- 
ly. Children can control the “Go” app manually and operate it intuitively. Other 
apps (such as “Wonder”) facilitate programming with different approaches. The 
popular graphical programming environment Blockly can also be used. 


Target Group 


Depending on the app, even 
small children of pre-primary age 
can control Dash & Dot robots as 
easily as with a remote-control. 
Other apps additionally allow a 
deeper introduction to program- 
ming, so that children in primary 
school and even junior second- 
ary school can solve challenging 
tasks with the robots or even de- 
sign them themselves. According 
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to the manufacturer’s website, Dash & Dot are already used in more than 7,000 
primary schools worldwide. 


User-friendliness 


Dash & Dot robots can be unpacked, charged and are ready to use immediately. As 
itis a very robust complete system, it is extremely user-friendly. Other user-friend- 
ly features include the very professional and child-friendly apps, although these 
only work on larger (newer) smartphones and tablets. These apps can be down- 
loaded free of charge for Android and iOS. 


Previous experience and knowledge required of the learning supporter 


For the simple use of a remote-control app, learning supporters do not need to 
have any previous computer knowledge, they only need to be able to operate the 
tablet (or smartphone). Basic programming skills are required to programme the 
robot independently, although the apps are designed to be child-friendly so that 
even inexperienced learning supporters can quickly find their way around. 


Previous experience and knowledge required of the child 


Children should be familiar with using a smartphone or tablet, or time should be 
set aside to explore this medium. Beyond that, no previous knowledge is abso- 
lutely necessary. The system can also be explored via the remote-control app and 
further developed in subsequent steps with simple programmes. 


Learning objectives 


The overarching learning goal is a basic understanding of automatically running 
programmes and the communication of two robots with each other. Children learn 
how informatics systems (robots) can respond to each other with the help of sen- 
sors and thus communicate. Depending on the didactic design, children expand 
their problem-solving skills, develop their own algorithms and even formulate 
challenges themselves. 

Children can independently explore possible components (e.g., sensors, mo- 
tors) of an IT system with Dash & Dot, whereby this IT system cannot be changed. 


Reference to the goal dimensions of IT literacy 


The Dash & Dot robot couple primarily addresses the Content Domain “C2 Algo- 
rithms & Programming”. Its target group-oriented design and the easy-to-use 
steps enable even children from pre-primary age to engage with the Content Do- 
mains “C4 Informatics Systems” and “C5 Computer Science and Society”. 

In the Process Domains, the focus at the beginning of use is clearly on “PO 
Interacting & Exploring”, as children can explore Dash & Dot very freely at differ- 
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ent levels via apps. In further activities, the area “P1 Modelling & Implementing” 
can also be covered, whereby learning supporters can aim at modelling outside 
the apps (e.g., through cards that describe the state of the robots, which can then 
be arranged according to the sequence in which the robots are to process the 
different states). Depending on the didactic concept, the other Process Domains 
can also be covered. 


3.7 Scratch and ScratchJR 


Overview 


Scratch’® and ScratchjR°? (junior version of Scratch) are graphical programming 
environments. This means that children do not have to write a textual programme 
code but have to put puzzle pieces (code fragments) together to make them fit. 
The three key elements of the interface of both applications are a stage, the men- 
us with the commands and the programming area. 

On the stage, the objects (e.g., a cat) execute the programmes (e.g., move 
or speak). Children drag and drop the commands from the menu onto the pro- 
gramming surface and connect them accordingly. The resulting programme can be 
tested at any time. This way, children can independently evaluate their results and 
improve them according to their goals. 

In Scratch, the puzzle elements contain textual commands (sometimes com- 
bined with symbols), e.g., turn 90 degrees to the right. In the ScratchJR app, the 
commands consist exclusively of symbols, and the scope of commands is also 
much more limited. 

In addition to simple movement instructions, both variants offer the possi- 
bility of changing the objects optically (e.g., make them smaller), sounds can be 
played or several objects can interact with each other. In Scratch, objects can also 
respond to numerous sensors (e.g., when the objects bump against the edge of 
the surface). Basic programming constructs (repetitions, branching etc.) are also 
available. All in all, there are no limits to the children’s imagination and creativity 
due to the extensive range of commands (especially in Scratch). 

In addition to using it for programming objects in a micro-world, there are 
extensions for Scratch that also enable programming of informatics systems such 
as the micro-controller Raspberry Pi or LEGO WeDo. 
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Target group 

The original version of Scratch is 
suitable for children from fourth 
grade upwards, but the develop- 
ers are also targeting 8-16-year- 
olds. The ScratchJR app can al- 
ready be used expediently and 
without problems for children of 
pre-primary age, as no reading 
skills are required. In this case, 
the developers recommend the 


age group 5 to 7 years. 


User-friendliness 


Scratch has been available since 2007 already. Originally, it was a programme 
that users could download and install free of charge. For a few years now, Scratch 
has been offered browser-based (as a website), which eliminates the installation 
effort. Children can programme scratch without having an account, but they have 
to register to save their own projects (also free of charge). If online use is not pos- 
sible, an off-line version is still available for download. Scratch has been translat- 
ed into countless languages and is therefore also completely available in German, 
which makes it easier to use in primary schools. 

ScratchJR is a free app for tablets (Android, iPad) and can be used without 
text. 

Both are high-quality applications and very good to use both technically and 
didactically. 


Previous experience and knowledge required of the learning supporter 


In general, learning supporters should have an understanding of basic program- 
ming constructs. They should also know what a command looks like, how to com- 
bine different commands and be familiar with and able to use the constructs of 
repetition (loop) and branching (e.g., if-query). 


Previous experience and knowledge required of the child 


Children do not necessarily need any previous knowledge. In preparation, it would 
be useful to discuss everyday processes (e.g., brushing teeth), so that children 
develop a basic understanding of how they themselves carry out different instruc- 
tions one after the other and possibly even repeat them. 
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Learning objectives 


The objective of both the Scratch and Scratch JR versions is to provide an introduc- 
tion to the world of programming. The focus is not on the syntax of programming 
languages but on their basic concepts and simple algorithms. Children learn to 
programme their own processes in a micro-world. To accomplish this, they apply 
the basic concepts of instruction, repetition, and branching (also depending on 
sensor values). Furthermore, the focus is on algorithms. 


Reference to the goal dimensions of IT literacy 


Both Scratch versions focus on Content Domain “C2 Algorithms & Programming”. 
Child-friendly programming environments can help to plan and implement algo- 
rithms independently. Features under “C4 Informatics Systems” and “C5 Comput- 
er Science and Society” can also be addressed along the way. 

In the Process Domains, the focus is on “PO Apply & Explore”, as well as “P1 
Modelling & Implementing”. Applying and exploring refers to the informatics sys- 
tems tablet or laptop, as well as to working with a complex programme window 
with several areas. Because the game should definitely be presented at the end 
of the learning unit, the area “P4 Communicate (&Cooperate)” is also extended. 


3.8 Makey Makey from JoyLabzLLC 


Overview 


Makey Makey® was developed by Jay Silver and Eric Rosenbaum at MIT. It is a 
circuit board that can be used to find countless creative ways to turn everyday 
things into touch-sensitive surfaces and use them to interact with the computer. 
For example, an apple, a banana or a piece of modelling clay can be turned into a 
left mouse button. 

Visually, Makey Makey looks like a game console control. It has 6 standard 
inputs: arrow keys for up, down, right and left, as well as the space bar and the 
left mouse button. 12 additional options enable, for example, full mouse control. 

In addition to the circuit board, the Makey Makey set includes crocodile clips, 
jumper cables and a USB cable. 

A simple control system can be built, e.g., with an apple. Makey Makey is 
connected to the computer via a USB cable. Two cables with crocodile clips are 
connected to Makey Makey; one for earthing, one, e.g., for the mouse click. The 
ends of the cables are connected to e.g., an apple and to the person. As soon as 
the person touches the apple, the electric circuit is closed and the corresponding 
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command, in this case a mouse click, is execut- 
ed. In this way, various objects can become inter- 
active devices. So, why not control the computer 
game with fruit for a change? 

In connection with programming environ- 
ments such as Scratch, further IT features can be 
discussed. 


Target group 


The target group for Makey Makey ranges from 
children aged 8 to adults. 


User-friendliness 


Immediately after setting up Makey Makey as an 
input device on the computer (this is done the same way as with a conventional 
mouse or keyboard), exploration with new interaction objects can start. After a 
short introduction to the handling, Makey Makey is very user-friendly. 


Previous experience and knowledge required of the learning supporter 


Learning supporters need to be able to set up Makey Makey as an input device 
in advance. They should also be familiar with the functioning of Makey Makey in 
order to be able to assist as contact person in case of questions or difficulties. If 
Makey Makey is also to be used in conjunction with Scratch, the relevant previous 
experience and knowledge of Scratch are also required. 


Previous experience and knowledge required of the child 


Children do not need any previous experience. However, knowledge of simple cir- 
cuits is helpful to understand how it works. 


Learning objectives 


In terms of IT education, with Makey Makey children learn about interactions with 
different programs in an experimental way. They also learn how many different 
objects can be used as interaction devices. In addition to the aspect of input or 
interaction devices, a connection can also be established to the topic of electric 
circuits and conductivity of objects. 

In conjunction with Scratch, Scratch-related learning objectives can also be 
achieved (see above). 

Makey Makey is ideally suited for collaborative work, so that the correspond- 
ing competencies can be promoted on a cooperative level. 


3 Description and Technical Assessment of Individual Informatics Systems 


Reference to the goal dimensions of IT literacy 


On the level of goal dimensions of IT education, Makey Makey primarily covers 
Process Domain “PO Interacting & Exploring” in connection with Content Domain 
“C4 Informatics System”. The focus of the application with Makey Makey is on 
exploring different ways of interacting with the computer or programmes on the 
computer. When working in teams, Process Domain “P4 Communicating & Coop- 
erating” is also applied. 

When using Makey Makey in combination with Scratch, the content and Pro- 
cess Domains listed there also come into play. 


3-9 LEGO Mindstorms (NXT & EV3) 


Overview 


LEGO Mindstorms robots* are the most complex in the range of informatics sys- 
tems introduced here. They can be considered the big sister of LEGO WeDo and 
have been conquering school and extramural learning spaces since 1998 (in dif- 
ferent versions). The current version, EV3, entered the German market in Septem- 
ber 2013, but the predecessor, NXT, is nowadays also still widely used. 

Basically, the learning objectives of LEGO Mindstorms are analogous to those 
of WeDo, both in terms of building and programming the robot. LEGO Mindstorms 
is accordingly more variable and thus more complex in both areas (hard- and soft- 
ware). EV3 consists of a total of 600 individual parts, whereas the WeDo requires 
only 280 components. The decisive factors here are the three (instead of only one) 
motors and, depending on the version, up to four different sensors (colour, in- 
fra-red, gyro, touch sensor or microphone). In this way, children can build their 
own robots very creatively in addition to the given models. 

Educators and learners also have many options when it comes to program- 
ming. Similar to WeDo, the robots can be programmed graphically with NXG soft- 
ware (for NXT), or EV3 programming software (for PCs and tablets). More diverse 
commands are available here, which can also be applied in a more differentiated 
way (e.g., exact distance values can be processed with the help of the ultrasonic 
sensor). Furthermore, LEGO Mindstorms can be programmed with numerous tex- 
tual programming languages (e.g., Java, C++). 


Target group 


Lego Mindstorms are primarily designed for secondary-school children and are 
sometimes even used at universities for introductory courses in programming 
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(then mostly in Java or C). They can also be applied for children at the end of pri- 
mary school or in small groups with high supervision ratio. The recommended age 
for the current EV3 model is 10 years. 


User-friendliness 


Lego Mindstorms are designed for long-term use with school children and are 
therefore sturdily built. The software is also especially designed for programming 
beginners and is easy to use, although previous knowledge of using classic soft- 
ware (opening, saving, etc. of files) is required. 

A handicap that often cannot be overcome when using Lego Mindstorms is the 
high price of currently €280 for the EV3, which includes the programmable brick, 
three interactive servo motors, three sensors (colour, touch, infra-red sensor with 
remote control) and corresponding Lego parts for building the proposed models. 


Previous experience and knowledge required of the learning supporter 


For the use of Lego Mindstorms, learning supporters should have a good basic 
knowledge of programming. In both the graphical and textual versions, program- 
ming constructs such as loops or conditions are applied very soon. When using 
textual programming languages, learning supporters must also have a good com- 
mand of the syntax, otherwise it is almost impossible to trace errors in the learn- 
ers’ programmes. 


Previous experience and knowledge required of the child 


In principle, basic knowledge of classical software is sufficient (especially when 
using graphical programming languages), as the learners can get to know all pro- 
gramming constructs as well as the syntax of the programming language during 
the learning unit with Lego Mindstorms. However, especially when using textu- 
al programming language, it is recom- 
mended that children have already ac- 
quired basic skills of programming via 
another IT system in order to facilitate 
the introduction or transition to Lego 
Mindstorms. 


Learning objectives 


With Lego Mindstorms, learning objec- 
tives can be achieved both in the area 
of robot building (technology) and in the 
area of programming (computer science). 


3 Description and Technical Assessment of Individual Informatics Systems 


In the area of robot building, technical aspects can be addressed, such as the 
transmission through gears of different sizes or cornering through different 
speeds on both drive axes. 

For programming, there are no limits in the area of imperative programming. 
School children can acquire all important basic programming constructs with the 
help of the robot. Another special focus is on dealing with sensor values. 


Reference to the goal dimensions of IT literacy 


This IT system is oriented towards Content Domains “C4 Informatics Systems”, 
as well as “C2 Algorithms & Programming” and, depending on the design of the 
learning unit, also “C5 Computer Science and Society”. As with Lego WeDo, learn- 
ers can design (construct and programme) their own IT system with Lego Mind- 
storms. The extensive possibilities also facilitate implementation of more com- 
plex algorithms (e.g., automatic following a black line or finding the way out of 
an unknown maze). The extent to which social effects of robotics are addressed 
in addition, depends primarily on the design of the learning unit, but can be ex- 
cellently integrated for the topics of robotics. Due to the numerous sensors, topic 
“C1 Information & Data” can also be addressed in a learning unit with Lego Mind- 
storms. All in all, the same goal dimensions as with LEGO We Do are aimed for at 
a higher level. 

In the Process Domains, LEGO Mindstorms focuses mainly on “P1 Modelling & 
Implementing”, with the emphasis on implementation in most applications. Pure 
exploration is much more difficult here than in LEGO WeDo or requires a high- 
er level of guidance. The extent to which the areas “P2 Reason & Evaluate”, “P4 
Communicating & Cooperating” and “P5 Represent & Interpret” are additionally 
deepened depends on the design of the learning unit. Children and teenagers of- 
ten work in pairs with the robot or have to agree as a team on an algorithm to solve 
a problem (e.g., the way out of the maze), which means that they also acquire and 
develop competencies in these Process Domains. 


3.10 Arduino Microcontroller with ArduBlock 


Overview 


ArduBlock°? is - analogous to Scratch or App Inventor - a graphical programming 
environment for use on the computer. The special feature of ArduBlock is that in 
the micro-world, objects are not controlled on the screen, but an Arduino Micro- 
controller‘? and actuators (e.g., motors) and sensors (e.g., a light sensor) connect- 
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ed to it, are programmed. The 
same combinations can also be 
realised with other micro-control- 
lers (such as Raspberry Pi) and 
also other programming environ- 
ments (like Scratch). The Arduino 
Microcontroller and the various 
electrical components that can 
be connected to it represent the 
most flexible of the informatics 
systems described here and can 
be expanded as desired. 

Little Robot Friends from 
Aesthetec Studio is a managea- 


ble kit that can also be assembled (soldered) by primary-school learners. They 
consist of only a few components, but thanks to the microphone, loudspeaker and 
LEDs, they offer diverse and creative programming possibilities. The communi- 
cation/networking of several Little Robot Friends with each other is particularly 
exciting. 

The Little Bits from littleBits Electronics Inc. are an alternative to this. With 
the basic set, in particular skills in the field of electronics (physics, electrical en- 
gineering) can be acquired by plugging electrical components together in such a 
way that, for example, an LED or a signal transmitter can be controlled via a but- 
ton. These circuits can be programmed with the help of an Arduino add-on set. The 
Arduino can be programmed via ArduBlock, for example. 


Target group 


When ArduBlock software is combined with the Arduino, the target group depends 
greatly on the choice of components and complexity of the tasks. Initial experi- 
ments with a few LEDs and a motor (especially with the child-friendly components 
of Little Bits) can already be carried out at primary-school age. The actual goal 
of independently planning and implementing one’s own projects with electronic 
components and their programming is more in line with the competence level of 
learners in the junior secondary grades (from grade 7 or 8). 


User-friendliness 


In contrast to the other examples, Arduino software with the ArduBlock add-on 
must be installed. The disadvantage here is the additional work that can only be 
done by external administrators, depending on the administration system of the 
institution. At the same time, offline software has the advantage that it runs stably 
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and independently of the Internet connection and can also be used outside WiFi 
coverage. 

In addition, ArduBlock is similar to Scratch in terms of user-friendliness, so 
that learners have a quick success experience and are not burdened by syntax 
mistakes of a textual programming language. 

The associated hardware is very diverse and ranges from child-friendly Lit- 
tleBits to classic sensors and actuators from electronics stores. 


Previous experience and knowledge required of the learning supporter 


This learning concept requires certain prior knowledge of both electrical engineer- 
ing/physics and computer science. Learning supporters must be familiar with the 
physical basics of electrical circuits, know the function of the components used 
and be able to convey this in a target group-oriented way. They must also have 
sound programming skills (with a focus on the specifics of micro-controllers). All 
in all, this approach places the highest level of competence on the part of the 
learning supporters compared to the other approaches. 


Previous experience and knowledge required of the child 


A learning concept with Arduino is an exciting combination of technology and 
computer science and learners should have prior knowledge in both areas, so that 
they are not overwhelmed. Basic knowledge of physics (e.g., about electrical cir- 
cuits) should be assumed as well as simple algorithms (e.g., how a traffic light 
system works) that the children can understand and reproduce on their own. 


Learning objectives 


By combining the programming environment (ArduBlock or Arduino) and the Ar- 
duino Microcontroller, comprehensive STEM skills can be covered. The focus here 
is on technical and IT learning objectives, as the functioning of various electrical 
components must be understood and combined expediently in the circuit, before 
the micro-controller that controls this circuit, can be programmed. Because of 
different options in the complexity of the components and the algorithms to be 
developed, the learning objectives are also very variable. 


Reference to the goal dimensions of IT literacy 


With the concept of combining hardware and software, almost all Content and Pro- 
cess Domains can be covered, although the distribution across the different areas 
depends on the implementation of the learning unit. For example, Content Domain 
“C3 Languages & Automata” requires an explicit focus on automatic machine-con- 
trolled programming. 


B Professional Recommendations for Informatics Systems 


4 Recommendations 


We would like to conclude with a recommendation on how the informatics systems 
analysed above can be usefully applied with the target group of children in child- 
care centres or primary schools. As different as children, schools, childcare cen- 
tres and learners or educators are, so are the corresponding recommendations. 

The 10 informatics systems analysed above have different emphases on 
which goal dimensions of computer science education they aim at and on which 
prior knowledge they build, both on the part of the teachers or educators and on 
the part of the children. Allin all, however, all systems have in common that they 
primarily address the Content Domains “C2 Algorithms & Programming” and “C4 
Informatics Systems” and focus on the Process Domains “PO Applying & Explor- 
ing” and “P1 Modelling & Implementing”. For this purpose, the 10 systems were 
divided into three levels of complexity: low, medium and higher. 


“Low complexity systems” include the following systems: 


Cubetto 
Beebot 


Kibo 


Ozobot without visual language 


These systems can generally be used autonomously, i.e., no other technical sys- 
tem (computer, tablet or similar) is needed. All four are very suitable for use in 
child-care centres or for initial contact in primary schools and mainly address Pro- 
cess Domain “PO Applying and Exploring”. Cubetto, in particular, requires almost 
no instructions, since the wooden blocks specify the direction of movement and 
the robot processes the commands it receives. As such, this system can be used 
by any teacher or educator regardless of their computer science background. How- 
ever, if the additional method (green brick) is to be used, a basic understanding 
of this programming construct is required. When using the BeeBot, the children 
must be able to memorise their programme (input via the keys), or the teacher 
or educator must support them, for example, by drawing the commands on pa- 
per externally. The two other systems, Kibo and Ozobot, increase the complexity 
through the use of sensors or a greater range of programming options. 

Allin all, these four systems do not present a major barrier to getting started 
and require only a low level of computer science competence on the part of the 
teacher or educator and no prior knowledge on the part of the children. Cubetto 
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and Beebot are suitable for short-term use because they have hardly any barrier 
to getting started, but they too reach the limits of their functions after a few hours. 
Kibo and Ozobot are more suitable if long-term engagement with the system is 
planned. 

After a first contact or also when starting with older children, a system with 
medium complexity is recommended. 


The level of “systems with medium complexity” includes: 


ScratchJr 
Dash & Dot 
WeDo 


Makey Makey 


Ozobot with visual language (the special feature here is that this system can 
cover the entire range of complexity) 


To use these systems, the teacher or educator needs further technical devices in 
the form of tablets (Smartphones) or computers. This directly requires a different 
level of training on the part of the teachers or educators, as they have to support 
the children in using a classical system, i.e., one that is not specially designed for 
young children. Systems that are controlled via an app on a tablet are best suit- 
ed for child-care centres, as the operation of a tablet via touch gestures is much 
more intuitive than that of a computer (or laptop) with a keyboard and mouse. 
Thus Dash & Dot and Scratch]R are appropriate examples here. One argument in 
favour of using the WeDo and Makey Makey systems is that the system itself can 
also be customised. Therefore, the Content Domain “C4 Informatics Systems” can 
be dealt with at a different level. Before children use these systems, they should 
have a general knowledge of computers (or laptops), i.e., they should know how 
to open and save files. 

Since a programming language is used (in all the examples in this catego- 
ry), teachers or educators need some initial or even advanced computer science 
knowledge in programming, depending on the system. The teacher or educator 
must be familiar with basic programming constructs (e.g., loops, variables and 
branches) before using the systems. 

Systems in the third category are primarily suitable for deepening knowledge 
or for use with older learning groups in secondary schools or small groups with 
a high supervision ratio, e.g., in extra-mural settings or extra-curricular working 
groups. These systems are not recommended for child-care centres. 
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“Systems with higher complexity” include: 


m Scratch 
m Lego Mindstorms 


@ = Arduino Micro-controller with ArduBlock 


These systems use a complete (graphical or textual) programming language. Even 
though in the case of a graphical programming language it is not necessary to learn 
the syntax (puzzle blocks instead of text input), the teacher or educator needs a 
higher level of expertise, both in terms of programming and computer systems. 
Since the systems in this category have considerably more extensive possibilities 
due to their higher complexity, the various defined goals can be dealt with in the 
long term and in greater depth. In particular, the domain “C2 Algorithms and Pro- 
gramming” can be dealt with comprehensively by means of these systems. 


5 Conclusion 


5 Conclusion 


The analysis of the informatics systems presented here leads to the recommen- 
dation to start with a low-complexity system in child-care centres and primary 
schools in order to give both the teachers or educators and the children confidence 
to deal with informatics systems through a low entry hurdle and to consolidate the 
first important basics in dealing with these systems. Subsequently, depending on 
the age structure and previous knowledge of the children and teachers or educa- 
tors, as well as the equipment of the learning venues, informatics systems with 
medium and/or higher complexity can and should be used to deepen the com- 
petencies in a spiral fashion. The focus of the competence acquisition with the 
informatics systems presented here relates to Content Domains “C2 Algorithms & 
Programming” and “C4 Informatics Systems”, as well as Process Domains “PO Ap- 
plying & Exploring” and “P1 Modelling & Implementing”. Of course, other Content 
and Process Domains can also be covered. However, it is not absolutely necessary 
to use the informatics systems presented here. 

Informatics systems thus represent one of many ways in which computer sci- 
ence content can be taught in early education. Other possibilities are, for exam- 
ple, approaches that do without any Informatics Systems, so-called unplugged 
approaches. They are also suited to early computer science education. 

Computer science education is necessary to gain a basic understanding of 
informatics systems, which play an increasingly important role in our everyday 
lives. In order to participate in today’s digitalised world, it is essential that all 
children have the opportunity of early computer science education. 

Even though there are different approaches to teaching computer science, we 
consider the sustained engagement with informatics systems aimed at different 
defined goals (from pure exploration to the development of one’s own algorithms) 
as indispensable. Although there are currently no studies that provide proof of 
this, we assume that children can only grow up to be active co-creators of our cur- 
rent and, above all, future digital as well as real world if informatics systems are 
also used in the context of computer science education. Otherwise, children often 
lack the application reference or the specific context of the concepts of computer 
science they have learned. 
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1 Recommendations from the Expert Reports 
as a Basis for the (further) Development of 
the Foundation’s Substantive Offerings 


All offerings of the “Haus der kleinen Forscher” Foundation are based on profes- 
sionally sound goal dimensions for children as well as early childhood educators 
and primary school teachers in the respective disciplines. They serve as a guide- 
line for the Foundation’s programme content and specify which goals are to be 
achieved through specific offerings by the Foundation. Furthermore, the respec- 
tive model of the goal dimensions provides the theoretical basis for the scientific 
monitoring and its empirical verification. 

So far, the goal dimensions of science education in elementary and primary 
education (cf. Volume 5 of this series, “Haus der kleinen Forscher” Foundation, 
2018), early technical education (cf. Volume 7, Stiftung Haus der kleinen Forscher, 
2015) and early mathematical education (cf. Volume 8, Stiftung Haus der klein- 
en Forscher, 2017) have been developed and published. The present volume now 
contains the goal dimensions of computer science education in the elementary 
and primary sector and the resulting recommendations for the development of the 
Foundation’s offerings in the subject area of “computer science”. 

The following describes how the “Haus der kleinen Forscher” Foundation 
takes up the recommendations offered by experts and implements them in order 
to develop its offerings in the field of computer science education for three- to 
ten-year-old children and the accompanying early childhood educators and pri- 
mary school teachers at early childhood education and care centres, after-school 
centres and primary schools. Special attention was paid to ensuring practical rel- 
evance and strengthening educators in their role as learning supporters in the 
implementation of computer science education. 

The Foundation pursues the following goal dimensions of computer science 
education at the level of the children (cf. recommendations Chapter 3 and Fig- 
ure 25): 


m Motivation, interest and self-efficacy when dealing with computer science 

m Computer science process domains 

m Computer science content domains 

At the level of early childhood educators and primary school teachers, the Founda- 


tion focuses on the following goal dimensions recommended by Bergner et al. (cf. 
recommendations Chapter 4 and Figure 34): 
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Motivation, interest and self-efficacy in computer science education 
Computer science process domains 
Computer science content domains 


Computer science didactic competencies 


Attitudes, mindsets and understanding of roles with regard to the design of 
computer science education 


All of the Foundation’s content formats aim to strengthen the development of chil- 
dren of pre-primary and primary school age in the relevant goal dimensions. Most 
of the Foundation’s offerings initially support early childhood educators and pri- 
mary school teachers who then act as supporters for children at the educational 
institutions as they come to grips with the subject matter, promoting children’s 
learning and development processes. In doing so, the Foundation offers a prac- 
tical approach that enables educators to expand their knowledge and competen- 
cies and draw on their expertise in their day-to-day interactions with the children. 

The aim of early computer science education is to enable children to gain 
basic experience of computer science and to develop or promote a fundamental 
understanding of the subject. The individual goal dimensions and their concrete 
implementation in the Foundation’s offerings for early childhood educators, pri- 
mary school teachers and children are described in detail below. 


1.1 Motivation, Interest and Self-Efficacy when Dealing with 
Computer Science 


The first goal dimension recommended by Bergner et al. is “motivation, interest 
and self-efficacy in dealing with computer science”. It applies to children and 
teachers alike and underlines the importance of enthusiasm, curiosity and inter- 
est as an essential to a positive approach to computer science. These include: 


EM interest in computer science (systems) 

m motivation in dealing with computer science issues 

m self-efficacy expectation in dealing with computer science 

m for educators, additional motivation as well as self-efficacy expectations with 
regard to the design of computer science education 


In terms of the motivational and emotional aspects, it cannot be ruled out that 
there will be a discrepancy between the early childhood educators and primary 
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school teachers, on the one hand, and the children, on the other, in the field of 
computer science. Children are usually very motivated and interested, at least 
when it comes to using digital devices. Previously, the main influences will have 
been their own parental home, whereby children from education-oriented families 
tend to be more often confronted with reservations and fears regarding the use 
of such devices (Chaudron, 2015; cf. also Bergner et al. in this volume, section 
2.1.1). Similar reservations can also arise among educators when it comes to the 
use of digital devices at the institutions and addressing computer science topics 
and issues. Insufficient skills or a lack of competence in the field of computer sci- 
ence education can lead to insecurities in dealing with the topic and therefore to 
avoidance, too. 

However, according to a representative survey conducted by the “Haus der 
kleinen Forscher” Foundation, 75% of the educators questioned were in favour 
of learning how to use digital devices responsibly at early childhood education 
and care centres (Stiftung Haus der kleinen Forscher, 2017b). The vast majority 
of educators therefore see the responsible use of digital devices quite positively. 

Moreover, early childhood educators and primary school teachers serve as 
role models for the children, and this also applies to their experience of and at- 
titude towards computer science. Here, the children benefit from an exemplary 
interest on the part of their educational attachment figure, who is someone they 
can consolidate regarding questions relating to computer science. An open, fear- 
free approach to computer science enables children to build up an interest in the 
subject and maintain it in the long term. 

For this reason, the implementation of this goal dimension focuses on foster- 
ing an open and fear-free attitude towards computer science both in children and 
in early childhood educators and primary school teachers. Educators are to de- 
velop a sense of pleasure in designing computer science education in day-to-day 
educational life and be motivated to pursue computer science questions together 
with the children. 


Implementation of this goal dimension in the Foundation’s offerings 


For the “Haus der kleinen Forscher” Foundation, the focus is on having fun and 
taking pleasure in exploring and understanding the world around us. By tackling 
day-to-day questions about nature and technology, the aim is to encourage chil- 
dren’s curiosity, joy of learning and thinking. In the field of computer science, too, 
the aim is to allow them to sense their own competence and self-efficacy in their 
day-to-day lives in an increasingly digitalised world. 

When implementing the goal dimension “motivation, interest and self-effi- 
cacy”, it is important to introduce the children and the early childhood educators 
and primary school teachers to computer science issues and enable them to have 
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positive basic experiences. One aim here is to arouse their fascination with the 
creative and problem-solving character of computer science and not to encour- 
age a purely receptive approach to digital devices. In particular, the aim is for 
educators to discover that topics of computer science not only concern comput- 
ers, smartphones, etc., but arise in many ways in their own day-to-day lives and 
those of the children. Developing winning strategies, executing action stages and 
keeping secrets are just a few situations in which it is possible to identify learn- 
ing opportunities of computer science. Recognising such situations thus becomes 
easier, thereby reducing any reservations about computer science. 

The professional development workshops designed by the Foundation con- 
sistently aim to give early childhood educators and primary school teachers a 
positive approach to the topic and enable them to develop an open, fear-free at- 
titude. In the area of computer science education, the Foundation developed its 
first professional development workshop in 2017 on the topic “Discovering com- 
puter science — with and without computers”. In 2021, the Foundation expanded 
its range of offerings within the PRIMA! project (funded by the Federal Ministry of 
Education and Research, 2020-2023) to include the blended learning profession- 
al development workshop “Computer science education in primary school teach- 
ing”. This is a professional development programme explicitly aimed at primary 
school teachers. 

In order to counteract possible reservations towards computer science edu- 
cation in the elementary and primary sector and to boost enthusiasm and interest 
in the subject matter, the Foundation primarily pursues access without the use of 
digital devices (“unplugged”; cf. Bergner et al. in this volume, section 2.3.1) when 
designing its computer science offerings. This also ensures that the implementa- 
tion of computer science education does not depend on the financial resources 
available to educational institutions. The key basics of computer science can be 
explored with paper and pencil, using everyday materials or by means of pure 
physical engagement. For this reason, the professional development workshops 
on computer science education are designed in such a way that institutions do 
not need digital devices to create their own learning opportunities. Even without 
using a computer, together with the children it can be explored, for example, how 
computers sort numbers, how messages are encrypted or why digital pictures are 
made of pixels. On the one hand, this unplugged approach is well suited to explo- 
ration- and inquiry-based learning with young children, while on the other hand, 
it reduces inhibition thresholds among early childhood educators and primary 
school teachers. As with the Foundation’s other educational areas, the promotion 
of computer science competencies can happen on a hands-on, day-to-day basis. 

However, the Foundation also uses two other approaches to computer sci- 
ence, namely software-based entry (cf. Bergner et al., section 2.3.2) and physical 
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experiential access to programming (robotics; cf. Bergner et al., section 2.3.3). 
The expert group assumes that these approaches are very motivating, especially 
for children, because they receive direct feedback on their work. For the purpose 
of software-based access, there are graphic programming environments with low 
levels of complexity that can be used and operated even without reading skills or 
much previous experience on the part of the children. The children learn to use 
programming as a creative tool and create their own “product” (e.g., using the 
programming language Scratch to control the movements of figures on the display 
by putting together graphic puzzle pieces). Child-friendly robot systems enable 
programming in the physically tangible world. Children can interact directly with 
such informatics systems and obtain immediate feedback in the course of the in- 
teraction (e.g., they can have the robot Cubetto move around a chair by operating 
the programming board). Regardless of the approach chosen, computer science 
education strengthens children in their problem-solving skills, and they experi- 
ence self-efficacy by creating their own products. 

In the professional development workshops, participants receive concrete 
practical ideas that also illustrate how computer science relates to everyday life. 
Likewise, numerous illustrative ideas that facilitate access are included in the 
pedagogical resources, such as the exploration cards, and the thematic brochure 
“Discovering computer science — with and without computers” (Stiftung Haus der 
kleinen Forscher, 2017c). The aim here is for early childhood educators and pri- 
mary school teachers to learn to identify computer science content in day-to-day 
situations. This practical relevance strengthens both their motivation and their 
self-confidence. The practical examples are also chosen in such a way that they 
are challenging for both children and learning supporters but are also within their 
capabilities, thereby awakening a sense of satisfaction in tackling computer sci- 
ence questions or problems (cf. Bergner et al., section 3.2.1). 

With the aim of integrating computer science education in the classroom for 
children of primary school age, the Foundation has developed the three-month 
blended learning professional development workshop “Computer science edu- 
cation in primary school teaching”. The multi-section professional development 
programme consists of alternating and interrelated online and face-to-face phas- 
es which enable teachers to apply the knowledge they have acquired in parallel 
in the classroom, sharing their experience soon afterwards and supporting each 
other in their further development. After an introductory webinar, the educators 
first ask about the children’s prior knowledge and interests. The Foundation pro- 
vides teachers with an interview guide for this purpose. They use the children’s 
ideas as a Starting point for designing their lessons. This pupil-centred approach 
increases children’s motivation by building on their interests and prior knowl- 
edge. In the subsequent practical webinar, participating teachers reported that 
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they had observed children developing their problem-solving skills through ex- 
ploration- and inquiry-based learning, which in turn has an impact on children’s 
self-efficacy. Within the blended learning professional development workshop, 
the teachers receive lots of practical ideas for the classroom aimed at promoting 
their motivation as well as their self-efficacy expectations with regard to the de- 
sign of computer science education. 


1.2 Computer Science Process Domains 


The goal dimension “Computer science process domains” is described by Bergn- 
er et al. as a significant domain of competence both at the level of the children 
and at the level of the early childhood educators and primary school teachers. 
According to Bergner, the process domains describe the way in which the chil- 
dren are to tackle subject matter (section 3.3). In deriving individual process-re- 
lated competencies, the expert group was guided by the standards for the junior 
secondary level proposed by the Gesellschaft fiir Informatik (German Informatics 
Society, GI - Gesellschaft für Informatik e.V., 2008) as well as existing interna- 
tional curricula of computer science education. These educational standards were 
expanded to include the process domain “Interacting and Exploring” in order to 
emphasise the importance of a hands-on exploratory handling approach to infor- 
matics systems in the pre-primary and primary school sector (cf. Bergner et al, 
section 2.5.2). The experts therefore recommend the following process domains: 


m Interacting and Exploring 
Modelling and Implementing 
Reasoning and Evaluating 
Structuring and Interrelating 


Communicating and Cooperating 


Representing and Interpreting 


The authors of the expert report emphasise that the individual processes are al- 
ways to be developed and applied in connection with one or more content do- 
mains (see the following section 1.3). In principle, all process domains can be 
linked to all content domains. However, there are combinations that would appear 
to make more sense than others, especially with regard to the age of the children. 
In addition, numerous practical examples often also refer to several process and 
content domains. Thus, these can be addressed simultaneously in such cases, 
albeit to differing degrees. 
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In the expert report, computer science is described as a constructing science, i.e. 
the development of an informatics system is subject to a construction process 
(Bergner et al., in this volume, section 1.3). Cyclical models are used to develop 
new products or to adapt and further develop existing ones. According to the ex- 
pert group, the focus of computer science education should be on processes of 
planning and designing. A design cycle for the construction of digital artefacts 
for this purpose was developed and proposed by Bergner et al (section 1.5.2). 
This design process could be preceded by the exploration of informatics systems, 
especially in early computer science education. This is also a cyclical process in 
which the individual components and the mechanisms of action of the system can 
be explored based on the functions and the intended use. An exploration cycle 
for this purpose was also proposed by the expert group (section 1.5.1). Both the 
design cycle and the exploration cycle underline the process-based character of 
computer science. 


Implementation of this goal dimension in the Foundation’s offerings 


In the implementation of the goal dimension “Computer science process do- 
mains”, the Foundation pursues the goal of familiarising both children and early 
childhood educators/primary school teachers with the process-based approach 
of computer science. They are to get to know and apply cyclical approaches. The 
focus here is on teaching general thinking and problem-solving skills, which in 
turn means that computer science education is able to contribute to the children’s 
general education. 

Practical ideas have been developed by the Foundation for all process do- 
mains suggested by the expert group. These are exemplified in the professional 
development workshops “Discovering computer science - with and without com- 
puters” and “Computer science education in primary school teaching”. Educators 
can find further ideas for computer science education in day-to-day life with the 
children on the exploration cards and the thematic brochure contained in the ac- 
companying package of materials (Stiftung Haus der kleinen Forscher, 2017d). 
The process domain “Interacting and Exploring” derived and supplemented in the 
expert report has more of a subordinate role to play in the Foundation’s range of 
topics. This is due to the fact that the Foundation has decided to mainly develop 
practical ideas that do not require digital devices and can instead be implemented 
using everyday materials. Nevertheless, the Foundation also sees this process do- 
main as an important competence and refers to the relevant reference to informat- 
ics systems in the exploration cards, which in some cases also includes exploring 
this system. So this process domain can also be implemented, depending on the 
technical resources available at the educational institution. In the course of pilot- 
ing the professional development workshop “Computer science education in pri- 
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mary school teaching”, the Foundation’s specialists were able to observe that ex- 
ploring and trying out informatics systems offers enormous learning potential for 
children, and that they should be given sufficient time for this in the classroom. 
Furthermore, references to the process domain “Interacting and Exploring” 
can be found in the thematic brochure (cf. Figure 45), for example, in the chapter 
“Robots - from wonder to control”. Suitable age-appropriate systems were select- 
ed and presented based on the expert recommendation by Bergner and Müller (in 
this volume). In these informatics systems, the actual programming is preceded 
by discovering and trying out the robot systems. As already described in the ex- 
pert report, the individual ideas for practical implementation cannot always be 
clearly assigned to one process domain but apply to several areas at the same 


time. 
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Figure 45. Title page and table of contents of the thematic brochure “Discovering computer 
science - with and without computers” (Stiftung Haus der kleinen Forscher, 20170) 


In order to clarify process orientation in relation to computer science, the “Com- 
puter Science Cycle” (cf. Figure 46) was developed together with experts in the 
field - based on the “Inquiry Cycle” method‘ used in early science education 
(Stiftung Haus der kleinen Forscher, 2013, cf. also the Foundation’s pedagogical 
approach in Stiftung Haus der kleinen Forscher, 2019), as well as the “Mathemat- 


64 cf. Marquardt-Mau, B. (2004). The didactic concept of basic inquiry-based science education with 
children and the associated inquiry cycle model was developed by Prof. Dr Brunhilde Marquardt-Mau 
(2004) and adapted for the pedagogical approach of the “Haus der kleinen Forscher” Foundation. 
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ics Cycle” (Stiftung Haus der kleinen Forscher, 2016) and the “Technology Cycle” 
(Stiftung Haus der kleinen Forscher, 2018). 

The “Computer Science Cycle” is based on the exploration and design cycle 
described in the expert report and adapts the individual phases to the needs of 
early childhood educators and primary school teachers in the elementary and pri- 
mary sector. The aim of the cycle is to clarify and support the computer science 
approach. It is divided into six phases: (1) Formulate a question or need from a 
computer science perspective, (2) Describe a situation specifically, (3) Develop a 
model, (4) Apply the model, (5) Evaluate the result, and (6) Discuss the results and 
process. The “Computer Science Cycle” thus includes phases of concrete action 
and phases of documentation and reflection. In applying the cycle, it is possible 
to adopt both the perspective of exploring existing informatics systems and the 
perspective of designing a new product, as well as switching between the individ- 
ual phases of these perspectives. 
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Figure 46. The “Computer Science Cycle” maps the process ofthe computer science approach 
and includes the perspectives of both exploring and designing 


Early childhood educators and primary school teachers also have access to an 
online course on the “Computer Science Cycle” in which they learn to actively ex- 
plore informatics systems with the children and develop their own applications 
together - in other words they get to shape their own digital environment. The 
course contains numerous suggestions for practical work and example videos 
of activities at early childhood education and care centres and primary schools. 
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In addition, teachers can find out more about the “Computer Science Cycle” in 
a mandatory consultation session offered as part of the further professional de- 
velopment workshop “Computer science education in primary school teaching”. 


1.3 Computer Science Content Domains 


The goal dimension “Computer science content domains” is also prioritised by 
Bergner et al., both at the level of early childhood educators and primary school 
teachers and at the level of children. The content domains specify the computer 
science topics to be acquired by educators and children (section 3.3). As with the 
computer science process domains, the experts based the design of this compe- 
tence area on the proposed standards for the junior secondary level as defined by 
the Gesellschaft für Informatik (GI - Gesellschaft für Informatik e.V., 2008). They 
distinguish between the following five content domains: 


m Information and Data 
Algorithms and Programming 
Languages and Automata 


Informatics Systems 


Computer Science and Society 


Orientation towards the GI standards for children of pre-primary and primary 
school age enables coherence across the entire educational chain, thereby estab- 
lishing the basis for systematically developing computer science competencies in 
secondary schools by building on day-to-day computer science and play experi- 
ence in the elementary and primary sectors. 

As already mentioned, the content domains are always to be linked to one or 
more process domains, or else several content domains can be linked to one and 
the same process domain. According to the expert group, the following combina- 
tions of content and process domains are particularly suitable for elementary and 
primary education (cf. Bergner et al., in this volume, section 3.4.1): 


m Modelling and Implementing of Algorithms and Programmes 
m Interacting with and Exploring Informatics Systems 
m Representing/Presenting and Interpreting Information and Data 


m Reflecting on and Evaluating the Interrelationship of Computer Science and 
Society 
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In selecting these competence domains, the expert group focused on aspects such 
as relevance to day-to-day life, children’s interest and contribution to general ed- 
ucation, as well as subject-specific didactics and the psychology of learning and 
development. The prioritised combinations of content and process domains seek to 
promote general basic competencies and therefore general education, in addition 
to subject-specific didactic competencies in the area of computer science. 


Implementation of this goal dimension in the Foundation’s offerings 


With the development of an offering for early computer science education, all four 
STEM subjects have now been represented in the Foundation’s range of educa- 
tional offerings since 2017. In contrast to the previous professional development 
topics in mathematics, sciences and technology, which were more differentiated 
in terms of content (e.g., “Exploring mathematics in space and form” vs. “Num- 
bers, counting, calculating - exploring mathematics” with a focus on numbers 
and operations), all content domains suggested by the expert group for the first 
professional development workshop “Discovering computer science - with and 
without computers” and the associated practical ideas were taken into account in 
the Foundation’s development of a programme for computer science education. 
As in the case of the process domains, individual ideas regarding practice can be 
assigned to several content domains. In developing these ideas, consideration 
was given both to practical implementation with children of pre-primary and pri- 
mary school age and the combinations of content and process domains as priori- 
tised by Bergner et al. 

The professional development workshop “Discovering computer science 
- with and without computers” and the accompanying package of materials 
(Stiftung Haus der kleinen Forscher, 2017d) - with the thematic brochure, ex- 
ploration cards (Figure 47) and hidden object picture (Figure 48) - support early 
childhood educators and primary school teachers in exploring the topic of com- 
puter science in day-to-day life with the children and in using this to promote the 
development of the children’s computer science skills. In the professional devel- 
opment workshop, the reference to day-to-day informatics systems, such as traffic 
lights, smartphones and fully automatic washing machines, is clarified so as to 
make the world of computer science visible and tangible to early childhood edu- 
cators and primary school teachers and therefore to children, too. In addition, ed- 
ucators learn about the content domains of computer science in the professional 
development workshop and explore the relevant practical ideas together. In addi- 
tion to the in-person professional development workshop, the “Haus der kleinen 
Forscher” Foundation also offers an online course entitled “Discovering comput- 
er science” in which early childhood educators and primary school teachers also 
learn about the computer science content domains and receive suggestions for 
practice. 
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Figure 47. Front and back of the exploration card “What’s it like to be a robot. Planning and 


controlling processes” (Stiftung Haus der kleinen Forscher, 2017d) 
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The professional development workshop “Computer science education in prima- 
ry school teaching” focuses on the two essential content domains of “Data and 
Information” and “Programming and Robotics”, since the aim is for children to 
gain basic experience primarily in these areas®. In the online module “Practical 
ideas regarding the basic concepts of computer education”, teachers receive nu- 
merous different suggestions and ideas for designing computer science education 
in teaching practice within these two content domains. 

For children of primary school age, the Foundation also developed exploration 
cards and the children’s website www.meine-forscherwelt.de (currently “Fabio’s 
Surfaces”, “Ronja’s Robots”) to promote exploration- and inquiry-based learning. 
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Figure 48. Hidden object picture to discover and explore informatics systems in day-to-day 
life (as a picture card or poster, Stiftung Haus der kleinen Forscher, 2017d) 


1.4 Computer Science Didactic Competencies 


As a significant goal dimension at the level of early childhood educators and 
primary school teachers, Bergner et al. recommend “computer science didactic 
competencies”. Together with the process and content-related computer science 
competencies, this competence domain forms the professional basis for effective 


65 The Foundation developed the targeted basic ideas on computer science in cooperation with the Chair 
of Computer Science Education at TU Dresden (Prof. Bergner and Christin Nenner). 
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computer science education in the pre-primary and primary school sector. The 
subject didactic competencies include: 


m Basic computer science didactic competencies (understanding of the goals of 
computer science education) 


m Competence to plan computer science learning environments and learning 
situations 


m Contextual didactic action competence in computer science 
m Competence to diagnose and evaluate computer science learning situations 


m Pedagogical-professional communication skills with participants 


The aim is to strengthen the pedagogical action strategies used by early child- 
hood educators and primary school teachers. An understanding of the goals of 
computer science education, different didactic methods and the design of effec- 
tive learning environments is of great importance. In addition, it is particularly 
important at the elementary and primary level to be able to identify and use day- 
to-day and play situations with computer science content so as to create computer 
science learning opportunities. In doing so, early childhood educators and prima- 
ry school teachers are to be able to assess the developmental level of individual 
children and adapt their support accordingly. 


Implementation of this goal dimension in the Foundation’s offerings 


The Foundation’s offerings aim to familiarise early childhood educators and pri- 
mary school teachers with concrete pedagogical approaches which they can then 
use to support the children as they engage in their learning processes. They also 
become familiar with numerous practical ideas as a stimulus. 

At the beginning of the in-person professional development workshop “Dis- 
covering computer science - with and without computers”, the focus is on dis- 
covering computer science and its importance in day-to-day life. Early childhood 
educators and primary school teachers learn the definition of the term computer 
science and the goals of computer science education. The relevant thematic bro- 
chure (Stiftung Haus der kleinen Forscher, 2017c) also addresses the importance 
of computer science and computer science education and explains how to provide 
guidance and support in the latter. As the professional development workshop 
progresses, participants get to try out concrete methods in phases of practice 
and gain practical experience. In subsequent phases of reflection, participants 
discuss how what they have learned can be implemented in their practical work 
with children. In this way, the educators receive stimuli to integrate computer sci- 
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ence learning opportunities in their day-to-day teaching. The alternation between 
practical experience and phases of reflection enables early childhood educators 
and primary school teachers to further develop and deepen their didactic compe- 
tencies in computer science. In order to clarify computer science links in day-to- 
day life, practical examples are presented and applied in the training. In this way, 
educators are to learn to assess the computer science potential offered by play 
situations and day-to-day situations and become aware of how to make use of 
this. The expert group sees the professional competence to be able to recognise 
and design effective learning environments as a fundamental condition for the 
success of effective early computer science education (cf. Bergner et al., in this 
volume, section 4.4.2). 

The blended-learning professional development workshop “Computer science 
education in primary school teaching”, which is designed to last three months, 
includes introductory, practical and reflective webinars that build on each other, 
as well as self-study phases with online modules, interactive topic consultation 
sessions, group coaching and, above all, practical testing in the classroom. Once 
the participants have become acquainted with ways of thinking and acting in com- 
puter science in the introductory webinar, they deepen their understanding in the 
practical seminar based on practical ideas. In the online module “Practical ideas 
regarding the basic concepts of computer science education”, teachers also re- 
ceive numerous different suggestions and ideas for designing teaching practice in 
computer science education. For each teaching idea, there is a description of the 
time and material required for implementation as well as possible learning experi- 
ences for the pupils. Teachers can draw on the concrete suggestions to engage in 
exploration and inquiry with children and develop initial teaching ideas. For this 
purpose, they are also provided with templates for lesson documentation. In the 
online module “Tips for lesson planning”, teachers receive further suggestions to 
help them plan their lesson and guide the exploration and inquiry process with 
their pupils. Once the teachers have tried out their practical ideas in class, they 
reflect on their experiences in the reflection webinar, where they can ask ques- 
tions and engage in discussion. At the same time as they work through the online 
modules, teachers are provided with reflection portfolios to record their thoughts 
and ideas as they work through them. They can also draw on these portfolios to 
develop their teaching ideas. 

In the professional development workshop, early childhood educators and 
primary school teachers learn about three approaches to computer science educa- 
tion. The practical ideas developed by the Foundation can mostly be implemented 
without digital devices in order to offer educators — as in the other topics covered 
by “Haus der kleinen Forscher” - the opportunity to work with everyday materials 
and to make it easier for them to get started in computer science education. For 
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this reason, the focus of the workshop and the pedagogical resources is on access 
to the topic area without a computer. The early childhood educators and primary 
school teachers also get to know two other approaches to computer science ed- 
ucation: a software-based introduction to programming and programming using 
age-appropriate robot systems. They are provided with information and sugges- 
tions for reflection on these different opportunities, also indicating the limits and 
challenges of the three approaches in their role as learning supporters as well as 
in terms of the children themselves. Depending on the preferences and resources 
of the educational institutions, educators can choose between these three ap- 
proaches and use them for their practical work with children. The focus is always 
on exploration- and inquiry-based learning. 


1.5 Attitudes, Mindsets and Understanding of Roles with 
Regard to the Design of Computer Science Education 


The attitude of learning supporters towards computer science has an enormous 
impact on the computer science learning support provided at early childhood edu- 
cation and care centres, after-school centres and primary schools. For this reason, 
the authors of the expert report consider the goal dimension “Attitudes, mindsets 
and understanding of roles with regard to the design of computer science educa- 
tion” to be very important at the level of the early childhood educators and prima- 
ry school teachers. This goal dimension includes: 


m Beliefs about the nature of computer science 


m Beliefs about the importance of computer science education at early child- 
hood education and care centres, after-school centres and primary schools 


m Beliefs about teaching and learning computer science 


m Professional role and self-image 


A positive attitude towards the subject of computer science is the foundation for 
successful engagement with computer science topics in day-to-day life with the 
children. The attitudes, beliefs and role expectations of early childhood educators 
and primary school teachers with regard to the design of computer science edu- 
cation are related to the goal dimension “Motivation, interest and self-efficacy (in 
computer science education)”, as described in section 1.1. Fears, concerns and 
reservations of educators towards computer science issues and the use of digital 
devices or a lack of skills in this area can lead to a sense of insecurity in dealing 
with computer science topics and even to their avoidance. Interest in computer 
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science and the self-efficacy of early childhood educators and primary school 
teachers with regard to computer science education are of great importance when 
it comes to developing an interest in computer science in children. 

In contrast to other areas of education, computer science education in the 
elementary and primary sector still receives little attention. There is a lack of uni- 
versally applicable standards, which makes the value of computer science edu- 
cation even more dependent on individual beliefs. One goal should therefore be 
for early childhood educators and primary school teachers to attach appropriate 
importance to early computer science education. According to Bergner et al., the 
relevant background knowledge and the development of subject didactic compe- 
tencies among educators are key requirements for the development of a positive 
attitude towards computer science and for the support of children’s learning pro- 
cesses in this subject area on a day-to-day basis. 


Implementation of this goal dimension in the Foundation’s offerings 


The Foundation’s offerings in the field of computer science aims to instil a positive 
basic attitude in early childhood educators and primary school teachers towards 
early computer science education. The numerous practical examples provided in 
the in-person and online training formats as well as in the accompanying materi- 
als illustrate the great relevance of computer science to everyday life, making it 
easier for educators to identify and make use of appropriate learning opportuni- 
ties. The knowledge of the subject itself and subject-specific didactics acquired 
through the professional development workshops enables early childhood educa- 
tors and primary school teachers to familiarise themselves with the topic and also 
to develop a positive attitude towards it themselves. Likewise, the Foundation’s 
programme is geared towards helping early childhood educators and primary 
school teachers internalise the creative and problem-solving nature of computer 
science, which makes an important contribution to children’s general education. 
Practical engagement with early computer science education aims to promote a 
positive attitude towards the subject, thereby also boosting the status of comput- 
er science as part of the canon of educational subjects. 


2 Digital Education 


2 Digital Education - A Chance for Good 
Early STEM Education for Sustainable 
Development 


In establishing the subject-specific basis for early computer science education, 
the “Haus der kleinen Forscher” Foundation has sought to clarify the terms “digi- 
tal education”, “computer science education” and “media education”, which are 
often blurred in public perception. The Foundation regards digital education as an 
umbrella term for media education and computer science education. In media ed- 
ucation, the focus is on digital media as tools for producing one’s own content and 
critically reflecting on the use, meaning and impact of these media. In computer 
science education, the focus is on understanding the basic concepts of automated 
information processing and applying these concepts to solve problems and un- 
derstand information society. Dealing with informatics systems and digital tools 
with the aim of understanding and reflectively applying their basic principles can 
be an important aspect of computer science education. However, basic concepts 
of computer science education can also be discovered and understood without 
computer systems using non-digital means, thereby facilitating access - especial- 
ly in the context of early education. 

For this reason, the Foundation’s professional development workshops in the 
field of early computer science education are designed in such a way that edu- 
cational institutions can implement computer science education with or without 
the use of informatics systems, depending on their technical resources. Here, the 
Foundation promotes an age-appropriate, critical, creative and active use of digi- 
tal media in the day-to-day teaching of educational institutions. Meaningful use of 
digital media at early childhood education and care centres and primary schools 
can promote early education, 
supporting the development of 
important future skills in an in- 
creasingly digitalised world. 

With its position paper “Dig- 
ital education - a chance to sup- 
port good early STEM education 
for sustainable development”, 
the Foundation provides orienta- 
tion in the often critical discourse 
regarding the targeted use of 
digital media in early education 
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(Stiftung Haus der kleinen Forscher, 2021). The Foundation sees this as an op- 
portunity to further develop the quality and impact of STEM education for sustain- 
able development. Digital media form a fundamental part of a child’s world and 
can play a key role in educational processes. Children should acquire the ability 
to understand digital media, use them responsibly, reflect on them critically and 
also apply them to explore the world. In addition, the Foundation is committed 
to ensuring that early childhood educators, primary school teachers and leaders 
have the opportunity to take online professional development workshops as well 
as in-person workshops, and that these enjoy equal recognition. For this reason, 
the Foundation considers digital media as being equal to other tools in the reper- 
toire of child education and adult education and as an extension of the variety of 
methods in exploration- and inquiry-based learning. 

The Foundation has formulated central theses in the paper that reflect its cur- 
rent position on STEM education for sustainable development in a world shaped 
by digitalisation: 


1. STEM education for sustainable development empowers children for the future 
- also in a world shaped by digitalisation. 

2. The didactic basis for the use of digital media, which is monitored by educators 
and teachers, supports children in investigating and exploring. 

3. Digital media are equally important tools in the repertoire of good co-construc- 
tive learning facilitation. 

4. Digital media promote continuous professional development support that is 
geared to the individual interests and needs of the learners. 

5. STEM education for sustainable development with digital media requires con- 
ducive framework conditions in educational institutions. 


For a meaningful and targeted use of digital media at educational institutions, early 
childhood educators and primary school teachers are needed who feel competent to 
support learning with digital media. With its qualification programmes for STEM ed- 
ucation for sustainable development, the Foundation aims to encourage and enable 
educators and teachers to use digital media according to the pedagogical approach 
pursued by the educational initiative. In order to develop a new range of workshops 
focusing specifically on the use of digital media for exploration- and inquiry-based 
learning, the Foundation organised a forum in March 2020 to consult with cooper- 
ation partners — both academics and practitioners — and discuss the conditions for 
success for linking early STEM education and the use of digital media. The partic- 
ipants agreed that it was important to explore the creative potential of media with 
children and that the professional development workshops should focus on practi- 
cal ideas for the use of such media in exploration and inquiry. 


2 Digital Education 


In the webinar “STEM goes digital”, which the Foundation has offered since 2020, 
early childhood educators and primary school teachers learn how digital media 
can be applied in a worthwhile way to engage in exploration- and inquiry-based 
learning with children. Educators receive suggestions and stimuli on how to sup- 
port children in pursuing their own questions and implementing ideas using dig- 
ital media. In the webinar, as well as in the accompanying e-book (Stiftung Haus 
der kleinen Forscher, 2020a), educators receive background knowledge and prac- 
tical ideas on the use of digital media in early STEM education for sustainable 
development and learn why it is worthwhile to use digital media, how this can 
work effectively and what to look out for as learning supporters. They are given 
suggestions for their pedagogical work, are able to draw inspiration from practical 
examples provided by different institutions and have the opportunity to compare 
notes and ask questions in the online forum. 

The Foundation has also initiated a range of other projects to develop edu- 
cational programmes in collaboration with educators. In the collaborative project 
“Digital Lab 2.0 - When Teachers Become Developers” (2019-2021, funded by the 
E.ON Foundation), the Foundation developed and tested the learning app “Potz 
Blitz! My Electricity Workshop” in cooperation with around 20 teachers for use in 
a teaching context. The app is intended to encourage teachers to make good use 
of digital applications in science lessons and support them in pursuing an interac- 
tive exploratory approach to the topics of electricity and energy with their pupils. 
A teaching guide describes the educational learning objectives of various subjects 
covered by the app and gives examples of how teachers can integrate the app 
into lessons in a didactically meaningful way. In addition, worksheets or handout 
templates are available for the preparation and implementation of their lesson. 

With its project “Collaborative Concept Lab” (“Ko-Lab” for short, 2021-2022, 
funded by the Friede Springer Foundation), the Foundation is following up on the 
professional development programme “MINT goes digital” and the project “Digital 
Lab 2.0”. Ko-Lab is developing a professional development workshop for primary 
school teachers on the topic of inquiry-based learning with digital media. Simi- 
lar to “Digital Lab 2.0”, the professional development concept is being evolved 
co-creatively with teachers as well as academics and practitioners. The aim is to 
support primary school teachers in designing their lessons in such a way that pu- 
pils engage in exploration and inquiry in relation to STEM topics with the help 
of digital media and develop competencies for a digitalised world. The resulting 
professional development elements are tested and adapted with the respective 
target groups (children, teachers, trainers). By the end of the project in autumn 
2022, the aim is to have produced both a guide for the new teacher profession- 
al development workshop and a train-the-trainer manual for the qualification of 
multipliers. 
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3 Scientific Monitoring and Evaluation of the 
Professional Development Workshops 


The Foundation has carried out various pilots and surveys in connection with its 
development of offerings of computer science education. The newly developed 
ideas and materials regarding implementation were first tried out at pilot institu- 
tions to test their practical suitability before being made available to all institu- 
tions. The professional development workshops were also tested and evaluated 
in practice with early childhood educators and primary school teachers in order to 
assess their impact and allow improvements to be made. 

The professional development workshop “Discovering computer science - 
with and without computers” was evaluated in connection with the pilot project in 
cooperation with a Hamburg-based provider of early childhood education and care 
(Bringer, Franke-Wiekhorst, Griffiths, Günther & Radtke, 2019; Stiftung Haus der 
kleinen Forscher, 2020b). The participating early childhood educators and prima- 
ry school teachers reported that their attitudes to computer science had changed 
as a result of attending the workshop. They perceive the importance of computer 
science in their own daily lives much more than before, which in turn provides 
them with multiple points of reference for early computer science education. The 
results also show that after participating in the professional development work- 
shop, there is an increase in educators’ motivation to continue engaging with the 
subject and they are looking forward to implementing computer science educa- 
tion with children. They also exhibit increased self-efficacy expectations in terms 
of implementing learning content in pedagogical practice, as well as higher levels 
of self-assessed knowledge and subject-specific didactic competence. 

Trials of the professional development workshop “Computer science educa- 
tion in primary school teaching” with pilot teachers also showed that after attend- 
ing the professional development workshop, teachers generally see a greater day- 
to-day relevance of computer science in their own day-to-day lives and in those 
of the children. They also have a higher level of subjective self-efficacy and con- 
fidence in planning and implementing computer science education in the class- 
room. In addition, they rate their subject knowledge and their subject-specific 
didactic competence in relation to computer science education more highly after 
attending the professional development workshop. 

Nonetheless, transfer of training content to pedagogical practice remains 
partly subject to obstacles deriving from the educational institution as a whole, 
in particular the structural and cultural framework conditions at the institution 
(e.g., the pedagogical principles). During the piloting of the professional devel- 
opment workshop “Discovering computer science - with and without computers”, 
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respondents mentioned the support of the early childhood education and care 
centre leader and a good team structure as being important factors for successful 
implementation of computer science education at the early childhood education 
and care centre. In the opinion of educators, early childhood education and care 
centre leaders should be sensitised to the importance of educational content of 
computer science and contribute to structurally establishing the implementation 
of this material by means of internal communication measures. They said that this 
also influenced the entire early childhood education and care centre team, ena- 
bling the necessary time, personnel or financial resources to be made available to 
successfully implement computer science education on a day-to-day basis at the 
early childhood education and care centre (Briinger et al., 2019; Stiftung Haus der 
kleinen Forscher, 2020b). 

In addition to the surveys in the pilot phases, feedback from the early child- 
hood educators and primary school teachers participating in the professional 
development workshops is continuously collected and evaluated by means of 
monitoring measures (e.g., feedback forms, regular surveys). This gives the Foun- 
dation the opportunity to gather key insights regarding the implementation of the 
professional development programme in the field, also beyond the trial phase. As 
such, the Foundation’s programme is not only theoretically well-founded, it also 
benefits from the practical experience of early childhood educators and primary 
school teachers. The materials are reviewed regularly and are revised and adapted 
as needed. 

With the expansion of the Foundation’s programme to include computer sci- 
ence, the Foundation now offers educational workshops in all four STEM domains. 
In contrast to the other areas of education, however, the Foundation has entered 
relatively uncharted territory in taking on computer science education in the el- 
ementary and primary sectors. For this reason, it is particularly important here 
to observe implementation in practical day-to-day teaching with the children, 
to gather insights about which concepts can be implemented with children of 
pre-primary and primary school age and where adjustments in the professional 
development programme are necessary. The expert group emphasises the im- 
portance of accompanying evaluation of the developed concepts “as an essential 
factor for the successful implementation of early computer science education in 
practice” (Bergner et al., in this volume, p. 235). For this reason, scientific impact 
research would also be desirable in the field of computer science education in or- 
der to gather more findings on the effects of computer science workshops among 
early childhood educators, primary school teachers and trainers, as well as on 
the impact at the level of the children themselves. To this end, the Foundation is 
in dialogue with academics with the aim of potentially initiating implementation 
and impact studies. 
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The Foundation will continue to maintain professional dialogue with external 
academics and practitioners to support the (further) development of workshop 
content in the field of computer science. The Foundation’s concepts are regularly 
presented at specialist conferences and discussed with experts representing oth- 
er institutions and practical initiatives in the field of computer science. A Scientific 
Advisory Board supports the Foundation on research issues and in ensuring that 
the Foundation’s programmes are professionally sound. Expertise in computer 
science didactics has been represented on this Board since 2017, initially with 
Prof. Johannes Magenheim and since 2021 with Prof. Nadine Bergner. In addition, 
the results from the continuous evaluation and quality monitoring of the various 
Foundation workshops are incorporated into further developments in this area. 
Regular reflection and impact-oriented (further) development of the Foundation’s 
workshops will thus continue in the future. In this way, the educational initiative 
“Haus der kleinen Forscher” seeks to make an effective contribution to profession- 
alising early childhood educators and primary school teachers. 
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4 Outlook - Organisational Development in 
Educational Institutions 


A longitudinal survey conducted by the Foundation among educators across all 
subject areas shows that the impact of the professional development workshops 
correlates with organisational characteristics (Stiftung Haus der kleinen Forscher, 
2020b, 2022). The pilot evaluations mentioned above likewise show how much 
the transfer of training content to pedagogical practice depends on factors deriv- 
ing from the educational institution as a whole, in particular the structural and 
cultural framework, the leader and team cooperation. This is why the Foundation 
has focused on the issue of organisational development in early childhood edu- 
cation and care centres for several years now. As early as 2016, the Foundation’s 
Education for Sustainable Development programme included activities aimed at 
supporting the entire institution in the sense of a “whole institution approach” 
(Ferreira, Ryan & Tilbury, 2006), while special programmes were also developed 
for early childhood education and care centre leaders in this connection (Stiftung 
Haus der kleinen Forscher, 2019b). Since 2019, the Foundation has boosted its 
contribution to the development of pre-primary STEM education for sustainable 
development by initiating two additional projects. 

The model programme “KiQ” (project duration: 03/2019-12/2022, fund- 
ed by the Federal Ministry of Education and Research) aims to develop and test 
support activities for anchoring exploration- and inquiry-based learning at ear- 
ly childhood education and care centres. The programme has been undergoing 
testing since September 2020 at around 90 institutions in four selected model 
regions in Germany® involving approximately 180 early childhood education and 
care centre leaders and educators. Extending over several months, this profes- 
sional development programme dedicated to the integration of STEM education 
in day-to-day routine pursues a system-oriented approach to the quality develop- 
ment of exploration- and inquiry-based learning which interlinks the development 
of competencies at the personal level with the conscious consideration of overall 
organisational aspects. “KiQ” thus supports the further development of the early 
childhood education and care centre at the organisational level. 

“KiQ” programme activities seek to anchor the Foundation’s pedagogical 
approach on a lasting basis by means of conscious planning, steering and im- 
plementation of an institution-specific change process at the participating ear- 
ly childhood education and care centres. Activities are to be implemented both 
at the level of organisational culture (e.g., values embraced in practice) and at 
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the level of organisational struc- 
ture (e.g., communication struc- 
tures, routines and procedures). 
Meanwhile, the early childhood 
education and care centre lead- 
er expands their competence to 
shape the change process at the 
institution in such a way that this 
promotes the implementation of 
the Foundation’s pedagogical 
approach in day-to-day work. At 
the same time, the educator is 


supported in implementing the 
pedagogical concept in its inter- 
action with the children by means of ongoing qualification activities. In addition, 
the educator is strengthened in its role as multiplier, subsequently sharing the 
knowledge he/she acquires with team members. In this process, team members 
exercise and enhance their skills in implementing exploration- and inquiry-based 
learning in day-to-day interactions with the children. 

The “KiQ” model programme involves extensive scientific monitoring. This 
consists of an internal evaluation and an external accompanying study. The re- 
sults are to be published in 2023 as part of the Foundation’s academic publication 
series. 

Also in spring 2019, the “Haus der kleinen Forscher” Foundation together 
with the Robert Bosch Stiftung GmbH launched the cooperation project “Forum 
KITA-Entwicklung” with the aim of providing fresh stimuli for quality development 
at early childhood education and care centres. The focus of the project (03/2019- 
02/2023) is on how early childhood education and care centres can make use of 
processes of organisational development to grow as educational organisations, 
thereby increasing their organisational learning capacity and improving the quali- 
ty of education. With its goals of “understanding, networking, changing”, the pro- 
ject clusters specialist expertise and models, testing practical measures for early 
childhood education and care centre development and drawing on the results ob- 
tained from specialist research and impact measurement to develop recommen- 
dations for action, agenda-setting and political communication. The project has 
obtained a large number of expert reports and organises discussion of these at 
specialist events involving academics, practitioners and politicians as well as the 
representatives of associations and other organisations. 

An exemplary practical support tool for early childhood education and care 
centre development for educators and leaders developed as part of this project is 
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to undergo practical field testing in summer/autumn 2022. This tool is intended 
to be a first step in the direction of early childhood education and care centre de- 
velopment and promote further organisational change processes, also in the long 
term. The testing of the tool is being scientifically accompanied both internally at 
the Foundation and by external research partners. The results of the project are to 
be published in 2023. 

With its programmes to support further development of the institution as a 
whole, the Foundation seeks to support educational institutions in sustainably 
developing as places of exploration- and inquiry-based learning, also in the field 
of early computer science education. The aim is to create conducive learning en- 
vironments for children and instil positive attitudes towards STEM education for 
sustainable development, including computer science, as well as initiating a ba- 
sic understanding among both children and educators. Together with their sup- 
porters - the early childhood educators and primary school teachers - the aim 
is for the children to take pleasure in discovering and understanding their living 
environment. 
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Mapping the components of international standards and curricula into the frame- 
work of a competence model for computer science education at the primary level 


In the following, the original formulations of the competencies of the international 
standards and curricula are assigned to the Content Domains of the competence 
model discussed in Chapter 3 in order to substantiate the interpretation by the 
team of authors, on the one hand, and to clarify the emphases made in the inter- 
national approaches, on the other. 

In this context, the Process Domains are to be concluded rather indirectly, as 
explained in Section 2.5.2, while the Content Domains are explicitly stated. 


(C1) Information and Data 
CAS (Computing at School; Great Britain) 
Key Stage 1 (pre-school - grade 2, age 5-7) 


H A pupil should understand how computers represent data. (CAS, p. 16, Data) 


EM Information can be stored and communicated in a variety of forms e.g., num- 
bers, text, sound, image, video. (CAS, p. 16, Data) 


EM Computers use binary switches (on/off) to store information. (CAS, p. 16, 
Data) 


ŒE Binary (yes/no) answers can directly provide useful information (e.g., present 
or absent), and be used for decision. (CAS, p. 16, Data) 


Key Stage 2 (grades 3-6, age 7-11) 
E Similar information can be represented in multiple ways. (CAS, p. 16, Data) 


HM Introduction to binary representation [representing names, objects or ideas 
as sequences of Os and 1s]. (CAS, p. 16, Data) 


Difference between data and information. (CAS, p. 16, Data) 


Structured data can be stored in tables with rows and columns. Data in tables 
can be sorted. Tables can be searched to answer questions. Searches can use 
one or more columns of the table. (CAS, p. 16, Data) 


EM Data may contain errors and this affects the search results and decisions 
based on the data. Errors may be reduced using verification and validation. 
(CAS, p. 16, Data) 
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EM A pupil should understand the principles underlying how data is transported 
on the Internet. (CAS, p.18, Communication and the Internet) 


CSTA (Computer Science Teachers Association; USA) 
Level 1: (pre-school - grade 3, age 5-8) 


H Demonstrate how Os and 1s can be used to represent information. (CSTA 
p. 13, L1:3.CT 5) 
m Process Domains P5 Representing & Interpreting, possibly also P1 Mo- 
delling or P2 Reasoning or P3 Structuring 


Level 2: (grades 3-6, age 8-11) 


EM Demonstrate how a string of bits can be used to represent alphanumeric in- 
formation. (CSTA p. 13, L1:6. CT 3.) 
m especially Process Domain P5 Representing & Interpreting 


EM Gather and manipulate data using a variety of digital tools. (CSTA p.14, L1: 
6. CPP 10.) 
m Process Domains P5 Representing & Interpreting and P1 Modelling 


New Zealand 
Level 1 (grades 1-3, age 5-7) 


EM Conservative: not included 


EM Advanced: How Os and 1s represent information; patterns and symbols; pix- 
els and file size. 
m P5 (Interpreting) 


Level 2 (grades 3-5, age 7-9) 


EM How two different symbols can represent information (e.g., binary numbers). 
m P5 (present examples, interpret representations), possibly P1 (find sui- 
table representation for problem => modelling), possibly P2 (select from 

possible representations for problem=> justify, evaluate) 


© Representation of text and images using binary; codes and symbols. 
m PtorP5, possibly P2 and P3 


Swiss curriculum 21 
Learners can represent (P1, P5), structure (P3) and evaluate (P5) data from their 
environment. (MI.2.1, p.14) 
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Grades 1-2, age 6-7: 


ŒE Learners can order things according to properties they have chosen them- 
selves (P3) so that they can find an object with a certain property more quickly 
(P5) (e.g., colour, shape, size). 


Grades 3-4, age 8-9: 


ŒE Learners can use different ways of presenting data (P5) (e.g., symbols, tables, 
graphs). 
ŒE Learners can encrypt data using secret scripts they have developed them- 


selves (P5). 


E Learners know analogue and digital representations of data (text, number, 
image and sound) and can match the corresponding file types (P3). 


Grades 4-6, age 9-11: 


HM Learners recognise and use (P1, P3, P5) tree and network structures (e.g., 
folder structure on computer, family tree, mind map, website). 


ŒE Learners understand (P2, P5) how error-detecting and error-correcting codes 
work. 


(C2) Algorithms (and Programming) 
CAS 
Key Stage 1 (pre-school - grade 2, age 5-7) 


E Algorithms are sets of instructions for achieving goals, made up of pre-de- 
fined steps [the ‘how to’ part of a recipe for a cake]. (CAS, p. 13, Algorithms) 


E Algorithms can be represented in simple formats [storyboards and narrative 
text]. (CAS, p. 13, Algorithms) 


E They can describe everyday activities and can be followed by humans and by 
computers. (CAS, p. 13, Algorithms) 


EM A pupil should understand what an algorithm is, and what algorithms can be 
used for. (CAS, p. 13, Algorithms) 


EM Steps can be repeated and some steps can be made up of smaller steps. 
(CAS, p. 13, Algorithms) 
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Key Stage 2 (grades 3-6, age 7-11) 


Algorithms can be represented symbolically [flowcharts] or using instruc- 
tions in a clearly defined language [turtle graphics]. (CAS, p. 13, Algorithms) 


Algorithms can include selection (if) and repetition (loops). (CAS, p. 13, Al- 
gorithms) 


Algorithms may be decomposed into component parts (procedures), each of 
which itself contains an algorithm. (CAS, p. 13, Algorithms) 


Algorithms should be stated without ambiguity and care and precision are 
necessary to avoid errors. (CAS, p. 13, Algorithms) 


Programs can include repeated instructions. (CAS, p. 14, Programs) 


A computer program is a sequence of instructions written to perform a speci- 
fied task with a computer. (CAS, p. 14, Programs) 


The idea of a program as a sequence of statements written in a programming 
language [Scratch]. (CAS, p. 14, Programs) 


One or more mechanisms for selecting which statement sequence will be ex- 
ecuted, based upon the value of some data item. (CAS, p. 14, Programs) 


One or more mechanisms for repeating the execution of a sequence of state- 
ments, and using the value of some data item to control the number of times 
the sequence is repeated. (CAS, p. 14, Programs) 


Programs can be created using visual tools. Programs can work with different 
types of data. They can use a variety of control structures [selections and pro- 
cedures]. (CAS, p. 15, Programs) 


Programs are unambiguous and that care and precision is necessary to avoid 
errors. (CAS, p. 15, Programs) 


Programs are developed according to a plan and then tested. Programs are 
corrected if they fail these tests. (CAS, p. 15, Programs) 


The behaviour of a program should be planned. (CAS, p. 15, Programs) 


A well-written program tells a reader the story of how it works, both in the 
code and in human-readable comments. (CAS, p. 15, Programs) 


Aweb page is an HTML script that constructs the visual appearance. It is also 
the carrier for other code that can be processed by the browser. (CAS, p. 15, 
Programs) 
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EB Computers can be programmed so they appear to respond ‘intelligently’ to 
certain inputs. (CAS, p. 15, Programs) 


Œ The difference between constants and variables in programs. (CAS, p. 16, 
Data) 


CSTA 
Level 1: (pre-school - grade 3, age 5-8) 


HM Use technology resources (e.g., puzzles, logical thinking programs) to solve 
age-appropriate problems. (CSTA p. 13, L1:3.CT 1.) 
= PO, P1, possibly P3 and P5 


EM Understand how to arrange (sort) information into useful order, such as sort- 
ing students by birth date, without using a computer. (CSTA p. 13, L1:3.CT 3.) 
m PO, P1, P3, P5; possibly P2 and P4 


E Construct a set of statements (P1) to be acted out to accomplish a simple task 
(e.g., turtle instructions). (CSTA p.14, L1: 3. CPP 4.) 


Level 2: (grades 3-6, age 8-11) 


EM Understand and use the basic steps in algorithmic problem-solving (e.g., 
problem statement and exploration, examination of sample instances, de- 
sign, implementation, and testing). (CSTA p. 13, L1:6.CT 1.) 

m PO, P1, P5, possibly P2, P3, P4 


© Develop a simple understanding of an algorithm (P1, (e.g., search, sequence 
of events, or sorting) using computer-free exercises. (CSTA p. 13, L1:6. CT 2.) 
m P1, P5, possibly P2, P3, P4 


BH Make a list of sub-problems (P3, P1) to consider while addressing a larger 
problem. (CSTA p. 13, L1:6. CT 5.) 


E Construct a program (P1, P5) as a set of step-by-step instructions to be acted 
out (e.g., make a peanut butter and jelly sandwich activity). (CSTA p.14, L1: 
6. CPP 5.) 


New Zealand 
Level 1 (grades 1-3, age 5-7) 


© Understand what algorithms are (P2, P5) and follow an algorithm (P5). 


E Sorting (P1, P5) and patterns (P3). 
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Create and debug (P1, P5, possibly P3) simple programs (e.g., turtle instruc- 
tions) with simple sequencing and repetition. 


Level 2 (grades 3-5, age 7-9) 


Decompose (P1, P5) problems into steps. 
Explain (P5, possibly P2) and correct (P1) errors in algorithms. 
Block-based/visual programming including simple iteration. 


design, implement, test and debug (P1, incl. P3 and P5, possibly P2 and P4) 
an interactive application in a visual programming language (sequence and 
selection; input). 


Swiss curriculum 21 


Learners can analyse simple problems (P2/P3/P5), describe possible solution 


procedures (P5) and implement them in programmes (P1). 


Grades 1-2, age 6-7: 


Learners can recognise and follow formal instructions (P5, AFB I-Il) (e.g., 
cooking and baking recipes, instructions for games and handicrafts, dance 
choreographies). 


Grades 3-4, age 8-9: 


Learners can find solutions (P1, P5) to simple problems by trial and error and 
check them for correctness (P1, P5) (e.g., find a way, develop a game strate- 
gy). They can compare different ways of solving problems (P2). 


Learners can recognise processes with loops and branches from their envi- 
ronment (P3), describe and present them in a structured way (P5) (e.g., by 
means of flow charts). 


Learners can read and manually execute simple sequences with loops, condi- 
tional statements and parameters (P5, possibly P4). 


Learners understand (P2, possibly P5) that a computer can only execute pre- 
defined instructions and that a programme is a sequence of such instructions. 


Learners can write and test programmes with loops, conditional instructions 
and parameters (P1+ Testing). 
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(C3) Languages and Automata 
CAS 
Key Stage 1 (pre-school - grade 2, age 5-7) 


EM Computers need more precise instructions than humans do. (CAS, p. 13, Al- 
gorithms) 


EM Computers (understood here to include all devices controlled by a processor, 
thus including programmable toys, phones, game consoles and PCs) are con- 
trolled by sequences of instructions. (CAS, p. 14, Programs) 


EB A computer program is like the narrative part of a story, and the computer’s 
job is to do what the narrator says. Computers have no intelligence, and so 
follow the narrator’s instructions blindly. (CAS, p. 14, Programs) 


Key Stage 2 (grades 3-6, age 7-11) 


E Programs can model and simulate environments to answer “What if” ques- 
tions. (CAS, p. 14, Programs) 
m This could also be represented in the form of automata. 


EM Programs are unambiguous and that care and precision is necessary to avoid 
errors. (CAS, p. 15, Programs) 


EB Aweb page is an HTML script that constructs the visual appearance. It is also 
the carrier for other code that can be processed by the browser. (CAS, p. 15, 
Programs) 


EM The format of URLs. (CAS, p. 19, Communication and the Internet) 


CSTA 
Level 1: (pre-school - grade 3, age 5-8) 


EM Construct a set of statements to be acted out to accomplish a simple task 
(e.g., turtle instructions). (CSTA p.14, L1: 3. CPP 4.) 


New Zealand 
Level 1 (grades 1-3, age 5-7) 


E Nothing 


Level 2 (grades 3-5, age 7-9) 


E Nothing 
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Swiss curriculum 21 
Grades 3-4, age 8-9: 


EM Learners understand (P2, possibly P5) that a computer can only execute pre- 
defined instructions and that a programme is a sequence of such instructions. 


(C4) Informatics Systems 
CAS 
Key Stage 1 (pre-school- grade 2, age 5-7) 


Œ Particular tasks can be accomplished by creating a program for a computer. 
Some computers allow their users to create their own programs. (CAS, p. 14, 
Programs) 


EM Computers typically accept inputs, follow a stored sequence of instructions 
and produce outputs. (CAS, p. 14, Programs) 


BE A pupil should know the main components that make up a computer system, 
and how they fit together (their architecture). (CAS, p. 17, Computers) 


BE Computers are electronic devices using stored sequences of instructions. 
(CAS, p. 17, Computers) 


HM Computers typically accept input and produce outputs, with examples of each 
in the context of PCs. (CAS, p. 17, Computers) 


Many devices now contain computers. (CAS, p. 17, Computers) 


Web browser is a program used to view pages. (CAS, p.18, Communication 
and the Internet) 


Key Stage 2 (grades 3-6, age 7-11) 
EM Computers are devices for executing programs. (CAS, p. 17, Computers) 


H Application software is a computer program designed to perform user tasks. 
(CAS, p. 17, Computers) 


MH The operating system is a software that manages the relationship between 
the application software and the hardware. (CAS, p. 17, Computers) 


EM Computers consist of a number of hardware components each with a specific 
role [e.g., CPU, Memory, hard disk, mouse, monitor]. (CAS, p. 17, Computers) 


EM Both the operating system and application software store data (e.g., in mem- 
ory and a file system). (CAS, p. 17, Computers) 
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The above applies to devices with embedded computers (e.g., digital camer- 
as), handheld technology (e.g. smart phones) and personal computers. (CAS, 
p. 18, Computers) 


A variety of operating systems and application software is typically available 
for the same hardware. (CAS, p. 18, Computers) 


Users can prevent or fix problems that occur with computers (e.g., connecting 
hardware, protection against viruses). (CAS, p. 18, Computers) 


A pupil should understand the principles underlying how data is transported 
on the Internet. (CAS, p.18, Communication and the Internet) 


The Internet is a collection of computers connected together sharing the 
same way of communicating. The Internet is not the web, and the web is not 
the Internet. (CAS, p.18, Communication and the Internet) 


These connections can be made using a range of technologies (e.g., network 
cables, telephone lines, WiFi, mobile signals, carrier pigeons). (CAS, p. 19, 
Communication and the Internet) 


The Internet supports multiple services (e.g., the Web, e-mail, VoIP). (CAS, p. 
19, Communication and the Internet) 


The relationship between web servers, web browsers, websites and web pag- 
es. (CAS, p. 19, Communication and the Internet) 


The role of search engines in allowing users to find specific web pages anda 
basic understanding of how results may be ranked. (CAS, p. 19, Communica- 
tion and the Internet) 


Issues of safety and security from a technical perspective. (CAS, p. 19, Com- 
munication and the Internet) 


CSTA 
Level 1: (pre-school - grade 3, age 5-8) 


Use writing tools, digital cameras, and drawing tools to illustrate thoughts, 
ideas, and stories in a step-by-step manner. (CSTA p.13, L1:3.CT 2.) 


Recognise that software is created to control computer operations. (CSTA 
p.13, L1:3. CT 4.) 


Use standard input and output devices to successfully operate computers and 
related technologies. (CSTA p.14, L1: 3. CD 1.) 


Use technology resources to conduct age-appropriate research. (CSTA p.14, 
L1: 3. CPP 1.) 
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EM Use developmentally appropriate multimedia resources (e.g., interactive 
books and educational software) to support learning across the curriculum. 
(CSTA p.14, L1: 3. CPP 2.) 


Œ Create developmentally appropriate multimedia products with support from 
teachers, family members, or student partners. (CSTA p.14, L1: 3. CPP 3.) 


Level 2: (grades 3-6, age 8-11) 


EM Demonstrate an appropriate level of proficiency with keyboards and other in- 
put and output devices. (CSTA p.14, L1: 6. CD 1.) 


H Apply strategies for identifying simple hardware and software problems that 
may occur during use. (CSTA p.14, L1: 6. CT 3.) 


EM identify that information is coming to the computer from many sources over a 
network. (CSTA p.14, L1: 6. CT 4.) 


E Describe how a simulation can be used to solve a problem. (CSTA p.13, L1:6. 
CT 4.) 


EM Use technology resources (e.g., calculators, data collection probes, mobile 
devices, videos, educational software, and web tools) for problem-solving 
and self-directed learning. (CSTA p.14, L1: 6. CPP 1.) 


© Use general-purpose productivity tools and peripherals to support personal 
productivity, remediate skill deficits, and facilitate learning. (CSTA p.14, L1: 
6. CPP 2.) 


HM Use technology tools (e.g., multimedia and text authoring, presentation, web 
tools, digital cameras, and scanners) for individual and collaborative writing, 
communication, and publishing activities. (CSTA p.14, L1: 6. CPP 3.) 


EM Use computing devices to access remote information, communicate with oth- 
ers in support of direct and independent learning, and pursue personal inter- 
ests. (CSTA p.14, L1: 6. CPP 7.) 


EM Navigate between webpages using hyperlinks and conduct simple searches 
using search engines. (CSTA p.14, L1: 6. CPP 8.) 


New Zealand 
Level 1 (grades 1-3, age 5-7) 


EM Use (PO) common input/output devices (e.g., keyboard, pointing device, 
touch screen) 


EM Describe (P3) hardware and software components; input/output devices 
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Create, organise, store, manipulate and retrieve content (PO) including mul- 
ti-media (PO) 


Level 2 (grades 3-5, age 7-9) 


Peripheral devices; data capture; data transfer (PO) 
Identify simple software problems (P3, P5) 
Use search technology (PO) 


Select, use and combine software (P3, possibly P2) to collect, organise and 
present data; simple spreadsheets and charts 


Swiss curriculum 21 


Learners understand the structure and functioning of information processing con- 


cepts and apply concepts of secure data processing. 


Grades 1-2, age 6-7: 


Learners can turn devices on and off, starting, operating and closing pro- 
grammes and using simple functions. (PO) 


Learners can log in to a local network or learning environment with their own 
login. (PO) 


Learners can store and retrieve documents independently. (PO) 


Learners can handle basic elements of the user interface (window, menu, 
multiple open programmes). (PO) 


Grades 3-4, age 8-9: 


Learners can distinguish between operating systems and application soft- 
ware. (PO, P1) 


Pupils know different types of memory (e.g., hard disks, flash memory, main 
memory) and their advantages and disadvantages and understand size units 
for data. (PO, P2) 


Learners can apply strategies for solving problems with devices and pro- 
grammes (e.g., help function, research). (PO, P3) 


Learners can explain how data can be lost and know the most important 
measures to protect against this. (PO) 
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Grades 4-6, age 9-11: 
EM Learners understand the basic functioning of search engines. (PO) 


EM Learners can distinguish between local devices, local network and the Inter- 
net as storage locations for private and public data. (PO, P2) 


Œ Learners have an idea of the performance units of information processing 
systems and can assess their relevance for specific applications (e.g., stor- 
age capacity, image resolution, computing capacity, data transmission rate). 
(PO, P2) 


(C5) Computer Science and Society 
CAS 
Key Stage 2 (grades 3-6, age 7-11) 


EM Personal information should be accurate, stored securely, used for limited 
purposes and treated with respect. (CAS, p. 16, Data, Key Stage 2) 
m P2,P3 


H Social and ethical issues raised by the role of computers in our lives. (CAS, 
p. 18, Computers, Key Stage 2) 
m P3,P2, possibly P4 & P5 


CSTA 
Level 1: (pre-school - grade 3, age 5-8) 


© Practice responsible digital citizenship (legal and ethical behaviours) in the 
use of technology systems and software. (CSTA p.15, L1:3.Cl 1.) 


© Identify positive and negative social and ethical behaviours for using tech- 
nology. (CSTA p.15, L1:3.Cl 2.) 
m P3, P2, possibly P4 


© Identify jobs that use computing and technology. (CSTA p. 14, L1:3. CPP 5.) 


Level 2: (grades 3-6, age 8-11) 


EM Understand the connections between computer science and other fields. 
(CSTA p. 13, L1:6. CT 6.) 
m P2, P3 


EM Identify a wide range of jobs that require knowledge or use of computing. 
(CSTA p. 14, L1:6. CPP 9.) 
m P3 


Appendix 


EM Understand the pervasiveness of computers and computing in daily life (e.g., 
voice mail, downloading videos and audio files, microwave ovens, thermo- 
stats, wireless Internet, mobile computing devices, GPS systems). (CSTA 
p.14, L1: 6. CT 2.) 
| P3 

Æ Identify factors that distinguish humans from machines. (CSTA p.14, L1: 6. 
CT5.) 

m P3, possibly P2 

© Recognise that computers model intelligent behaviour (as found in robotics, 
speech and language recognition, and computer animation). (CSTA p.15, 
L1:6. CT 6.) 

m P3, possibly P2 

© Discuss basic issues related to responsible use of technology and informa- 
tion, and the consequences of inappropriate use. (CSTA p.15, L1:6. Cl 1.) 

m P3, P2, possibly P4 

Æ Identify the impact of technology (e.g., social networking, cyber bullying, mo- 
bile computing and communication, web technologies, cyber security, and 
virtualisation) on personal life and society. (CSTA p.15, L1:6.Cl 2.) 

m P3, P2, possibly P4 

© Evaluate the accuracy, relevance, appropriateness, comprehensiveness, and 
biases that occur in electronic information sources. (CSTA p.15, L1:6.C1 3.) 
| P2 

EM Understand ethical issues that relate to computers and networks (e.g., equity 
of access, security, privacy, copyright, and intellectual property). (CSTA p.15, 
L1:6.C1 4.) 

m P2, possibly P3 

New Zealand 


Level 1 (grades 1-3, age 5-7) 


Ergonomics, digital devices in everyday life; ethical and safe use (PO) 


Use technology safely and respectfully, keeping personal information private 
(PO) 


Identify where to go for help and support when they have concerns about 
content or contact on the internet or other online technologies (PO, P4?) 


Recognise use beyond school (PO, P3?) 
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Level 2 (grades 3-5, age 7-9) 


EM Use safely, respectfully and responsibly; appropriate behaviour; reporting 
concerns (PO, P2?) 


EM How systems meet community and personal needs; evaluate adequacy of a 
solution (PO, P2, P3) 


EM Collaboratively plan creation and communication of information (P4) 


EM Ethical decisions and behaviour; social media (P2, P3) 


Swiss curriculum 21 
Learners understand the structure and functioning of concepts of information pro- 
cessing and apply concepts of secure data processing. 


Grades 4-6, age 9-11: 
E Learners understand the basic functioning of search engines. 


E Learners can distinguish between local devices, local network and the Inter- 
net as storage locations for private and public data. 
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“Haus der kleinen Forscher” Foundation 


The non-profit “Haus der kleinen Forscher” Foundation (Little Scientists’ House) is 
Germany’s largest early childhood education initiative in the domains of science, 
technology, engineering/computer science, and mathematics (STEM). With an ac- 
companying focus on Education for Sustainable Development (ESD), the aim ofthe 
programme is to strengthen children for the future, provide them with important 
skills, and enable them to act in a sustainable way. Together with its local network 
partners, the Foundation provides a nationwide continuing professional develop- 
ment programme that supports pedagogical staff at early childhood education 
and care centres, after-school centres, and primary schools in facilitating the ex- 
ploration, inquiry, and learning of children between the ages of three and ten. 
To this end, the “Haus der kleinen Forscher” Foundation improves educational 
opportunities, fosters interest in the domains of science, technology, computer 
science, and mathematics, and professionalises pedagogical staff. The partners 
ofthe “Haus der kleinen Forscher” Foundation are the Siemens Stiftung, the Diet- 
mar Hopp Stiftung, the Dieter Schwarz Foundation, and the Friede Springer Stif- 
tung. The Foundation is supported by the German Federal Ministry of Education 
and Research (BMBF). 


Vision and Mission of the “Haus der kleinen Forscher” Foundation 


Our Vision: Questioning — Inquiring - Shaping the Future 


Our vision is that all children in Germany will experience educational venues 
where they can pursue their own questions and explore the world around 
them in an inquiry-based way. These “Little Scientists’ Houses” will strengt- 
hen children for the future and empower them to think for themselves and 
to act responsibly. 

Technologisation, digitisation, and the consequences of climate change 
and social inequality increasingly influence our everyday lives. We shall 
contribute to enabling people to find their bearings in our rapidly changing 
world and to remain open to new things. 

Everyday engagement with nature and technology fosters children’s en- 
joyment of learning and thinking. We see early education as a key to being 
able to successfully meet the challenges of a complex world. 


“Haus der kleinen Forscher” Foundation 


Our Mission 


The mission of the “Haus der kleinen Forscher” Foundation is to ... 
E promote a questioning and inquiring attitude in children; 


© give children the opportunity to discover at a young age their own tal- 
ents and potential in the domains of science, technology, computer sci- 
ence, and mathematics; and 


© lay the foundations for reflective engagement with technological and 
social changes in the interests of sustainable development. 


Together with their persons of reference, the children experience fun and 
enjoyment in exploring and understanding the world around them. Children 
actively shape their education processes, thereby experiencing themselves 
as competent and self-efficacious in their everyday lives. In the course of 
inquiry-based learning, children can develop problem-solving skills, find 
their own answers, and gain a feeling of self-confidence (“Yes, | can!”). The 
importance of these experiences and abilities for personality development 
and the child’s future professional biography extends far beyond childhood. 

With a practice-oriented and high-quality approach to professionali- 
sation, the Foundation supports early childhood professionals and prima- 
ry teachers in facilitating the exploration, inquiry, and learning activities 
of children up to the age of ten. Through diverse continuing professional 
development offerings, early childhood professionals and primary teach- 
ers experience for themselves the fascination of engaging in independent 
inquiry. They expand their knowledge and pedagogical competencies, and 
implement them in their everyday work with the children. 

The initiative supports educational institutions in sustainably develop- 
ing themselves as “venues of inquiry-based learning” and — as “Little Scien- 
tists’ Houses” — in creating favourable learning environments for children. 
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English Publications issued by the “Haus der kleinen 
Forscher” Foundation to date 


Early Science Education - Goals and Process-Related Quality Criteria for 
Science Teaching (2018) 

Yvonne Anders, Ilonca Hardy, Sabina Pauen, Jörg Ramseger, Beate Sodian, Mir- 
jam Steffensky, Russell Tyler 


The fifth volume in the series “Scientific Studies on the Work of the ‘Haus der 
kleinen Forscher’ Foundation” focuses on goals of science education at the level 
of the children, the early childhood professionals, and the pedagogical staff at 
after-school centres and primary schools, and on process-related quality criteria 
for science teaching at the pre-primary and primary level. 

In their expert reports, Yvonne Anders, Ilonca Hardy, Sabina Pauen, Beate 
Sodian, and Mirjam Steffensky specify pedagogical content dimensions of the 
goals of early science education at pre-primary and primary school age. In addi- 
tion to theoretically underpinning these goals, the authors present instruments 
for their assessment. In his expert report, Jorg Ramseger formulates ten quality 
criteria for science teaching. Early childhood professionals and pedagogical staff 
at after-school centres and primary schools can draw on these process-related 
criteria when planning lessons and conducting self-evaluations of science learn- 
ing opportunities at the pre-primary and primary level. The concluding chapter 
of the volume describes the implementation of these expert recommendations in 
the substantive offerings of, and the accompanying research on, the “Haus der 
kleinen Forscher” Foundation. 


English Publications issued by the “Haus der kleinen Forscher” Foundation 


Using Science to Do Social Good: STEM Education for Sustainable 
Development (2019) 
Janna Pahnke, Carol O’Donnell, & MartinBascopé, M. 


Position paper developed in preparation for the second “International Dialogue 
on STEM Education” (IDoS) in Berlin, December 5-6, 2019. 


The international position paper argues for an integrated approach of STEM Edu- 
cation for Sustainable Development. It analyses critically how an integrated and 
transdisciplinary focus on inquiry-based STEM education could serve to enhance 
sustainable development and build capacity for future generations. As such, the 
international paper promotes the idea of a transdisciplinary framework of educa- 
tion, acknowledging the complex context of global challenges and the need for 
integrating values, ethics, and world views towards the development of sustaina- 
ble mindsets and using science to do social good. After reviewing the context and 
pedagogical basis of this approach, the paper presents a set of goals and guiding 
principles of STEM Education for Sustainable Development. 

Available here (in English and Spanish): https://www.haus-der-kleinen-for- 
scher.de/en/international-dialogue-on-stem-education/publications 


Early Computer Science Education — Goals and Success 
Criteria for Pre-Primary and Primary Education 


“Scientific Studies on the Work of the ‘Haus der kleinen Forscher Foundation” is a 
regularly published series of scientific reports authored by distinguished experts from 
the field of early education. This series serves to pursue professional dialogue bet- 
ween the Foundation, academia and practice, with the aim of lending sound support 
to all child-care centres, after-school care centres and primary schools in Germany in 
their educational mission. 


This ninth volume of the series, with a foreword by Ilan Chabay, deals with the goals 
and requirements of computer science education in the elementary and primary sector. 
In their expert report, Nadine Bergner, Hilde Köster, Johannes Magenheim, Kathrin 
Miller, Ralf Romeike, Ulrik Schroeder and Carsten Schulte specify the pedagogical and 
content-related goal dimensions of computer science education at child-care centres 
and primary schools. In addition to establishing a theoretical basis for various goal 
dimensions, the authors discuss the success criteria for effective and efficient early 
computer science education in practice. They also provide recommendations for the 
further development of the Foundation’s offerings and scientific accompaniment of 
the work of the Foundation in the field of computer science. In their expert recom- 
mendation, Nadine Bergner and Kathrin Müller describe a selection of informatics 
systems for children at child-care centres and primary schools and offer suggestions 
for particularly suitable systems and their use in elementary and primary education 
based on professional criteria. 

The final chapter of the volume describes the implementation of these professional 
recommendations in the programmes of the “Haus der kleinen Forscher” Foundation 
— with and without computers. 


ISBN 978-3-8474-2646-2 


www.budrich.eu 
www.haus-der-kleinen-forscher.de 


